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FREDERICK  REMSEN  HUTTON 

Frederick  Remsen  Hutton,  President  of  The  American  Society 
OF  Mechanical  Engineers,  1907 

There  is  probably  no  one  person  whose  career  has  been  more  inti- 
mately connected  with  The  American  Society  of  Mechanical  Engineers 
than  Prof.  F.  R.  Hutton.  For  twenty-three  years  he  filled  the  office 
of  Secretary,  during  which  time  the  Society  grew  from  a  member- 
ship of  364  to  3366,  anincreaseof  3000,  and  when  in  1906  he  was  elected 
President  of  the  Society,  its  commanding  position  among  the  national 
professional  societies  had  long  been  assured. 

Professor  Hutton  was  born  in  New  York,  May  28,  1853.  After 
preparation  in  a  private  school  in  New  York,  he  entered  Columbia 
College,  receiving  the  degree  of  A.B,  in  1873.  After  graduation  he 
entered  the  School  of  Mines,  and  was  given  its  degree  in  1876.  A  year 
later  he  was  appointed  instructor  in  mechanical  engineering  as  an 
associate  of  the  late  Prof.  W.  P.  Trowbridge.  This  was  the  first 
recognition  which  ColumVjia  gave  to  the  important  relations  of 
mechanical  engineering  to  other  engineering  courses.  He  entered 
the  faculty  as  adjunct  professor  in  1881  and  became  professor  in 
1890.  Upon  the  death  of  Professor  Trowbridge,  in  1892,  the  chair 
of  engineering  which  he  occupied  was  divided,  and  professorships  in 
civil  engineering  and  electrical  engineering  were  added  to  the  already 
existing  professorships  of  mining  and  mechanical  engineering.  Pro- 
fessor Hutton  was  made  the  head  of  the  mechanical  department. 
He  continued  to  direct  this  department  until  his  resignation,  July  1, 
1907.  At  this  time  he  resigned  and  was  elected  professor  emeritus. 
For  six  j^ears  during  his  professorship  he  was  Dean  of  the  Faculty 
of  Applied  Science. 

During  Professor  Hutton's  association  with  the  university  he 
developed  the  mechanical  laboratories  until  the  equipment  at  present 
is  the  most  complete  of  any  technical  school.  It  includes  a  Baldwin 
compound  locomotive  mounted  upon  its  testing  equipment,  a  triple 
expansion  AUis-Reynolds  engine,  and  also  a  three-stage  air  com- 
pressor, and  the  hydraulic  equipment  of  the  Henry  R.  Worthington 
laboratory.     The  equipment  has  been  valued  at  $100,000. 
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Columbia  conferred  upon  Professor  Hutton,  in  1882,  the  degree 
of  Ph.D.,  and  upon  the  occasion  of  its  one  hundred  and  fiftieth  anni- 
versary, in  1904,  the  degree  of  Sc.D. 

Professor  Hutton  became  Secretary  of  the  Society  in  1883,  three 
years  after  its  organization,  when  its  offices  were  located  at  17  Cort- 
landt  Street.  He  continued  to  direct  its  activities  during  the  years 
following  when  it  was  located  successively  at  280  Broadway  (The 
Stewart  building),  84  Madison  Avenue,  and  12  West  31st  Street. 
In  1890  the  house  at  12  West  31st  Street  was  purchased  for  $60,000, 
and  sold  in  1906  for  $120,000,  realizing  a  profit  of  nearly  $60,000. 
Professor  Hutton  took  an  active  part  in  this  important  and  successful 
transaction,  and  became  one  of  the  Trustees  of  the  Mechanical 
Engineers  Librar}^  Association,  organized  to  hold  the  property.  One 
of  the  most  remarkable  events  in  the  history  of  the  Society  was  the 
trip  made  to  Europe  in  1889.  Professor  Hutton  was  connected  with 
the  arrangements  for  this  trip,  which  has  had  a  wide  influence  in 
giving  international  recognition  to  the  Society  and  establishing  the 
bond  of  professional  fellowship  between  this  and  the  countries  visited. 

Professor  Hutton  was  the  member  appointed  by  this  Society  of 
the  Conference  and  Building  Committee  of  the  United  Engineering 
Society.  This  Committee  was  organized  to  plan  the  new  Engineer- 
ing Societies'  Building  at  29  West  39th  Street,  and  during  its  erection 
considered  the  problems  and  attended  the  execution  of  the  details 
which  make  the  building  one  of  the  most  complete  of  modern  struc- 
tures. Professor  Hutton  is  also  one  of  the  Board  of  Trustees,  which 
is  the  holding  corporation  for  the  United  Engineering  Society. 

He  declined  reelection  to  the  office  of  Secretary  in  January  1906,  and 
at  the  Annual  meeting,  the  following  December,  was  unanimously 
elected  president.  Professor  Hutton's  many  j^ears  of  service  made 
it  particularly  fitting  that  he  should  be  the  first  president  at  the 
opening  of  this  new  era  of  prestige  and  prosperity  for  engineering. 

In  addition  to  the  work  for  the  Society  and  at  Columbia  University, 
Professor  Hutton  has  been  a  contributor  to  scientific  literature.  His 
most  important  books,  which  have  received  considerable  acceptance 
in  the  educational  field  in  the  United  States  and  in  England,  are 
"The  Mechanical  Engineering  of  Power  Plants,"  "Heat  and  Heat 
Engines,"  and  "The  Gas  Engine."  The  first  of  these  is  used  as  a 
text  book  in  some  of  the  technical  institutions  of  Japan.  He  was 
the  author  of  two  of  the  most  important  monographs  of__^the  Census 
of  1880,  one  covering  machine  tools  and  the  other  pumps  and  pump- 
ing engines. 

He  has  contributed  to  the  Transactions  of  the  Society  over  his  own 
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name,  with  unsigned  contributions,  and  memorial  monographs  and 
discussions.  "Mineral  Wool  as  a  Non-Conductor  Around  Steam 
Pipes;  •'  "  First  Stationary  Steam  Engines  in  America; "  "  A  Classifica- 
tion and  Catalogue  System  for  an  Engineering  Library;"  "The  Me- 
chanical Engineer  and  the  Function  of  the  Engineering  Society. "  He 
has  done  considerable  editorial  work  as  associate  editor  of  Johnson's 
Enc3^clopedia,  as  one  of  the  editors  of  scientific  and  engineering  titles 
of  the  Century  Dictionary,  as  Departmental  editor  in  the  Engineer- 
ing Magazine,  and  has  been  a  contributor  to  technical  journals  and 
a  lecturer  to  scientific  and  popular  audiences  in  New  York  and  else- 
where. 

At  the  close  of  Professor  Button's  administration  as  president  he 
was  appointed  by  the  Council  to  the  office  of  Honorary  Secretary. 


SECRETARY 
OF 
THE  AMERICAN   SOCIETY  OF  MECHANICAL   ENGINEERS 


CALVIN  WINSOR  RICE 

The   New  Secretary  of  The  American  Society  of  Mechanical 

Engineers 

BY  JOHN  W.  LIEB,  JR. 

Mr.  Calvin  Winsor  Rice  has  seen  considerable  service  in  the  councils 
of  engineering  societies,  and  during  1906  he  was  chairman  of  the 
committee  of  papers  and  meetings  of  the  Meclianical  Engineers.  By 
temperament,  education,  and  professional  experience  he  is  peculiarly 
qualified  to  fill  the  position  of  secretary  of  one  of  the  most  influential 
engineering  bocUes,  and  it  opens  to  him  a  career  of  distinction  and 
wide  usefulness. 

Mr.  Rice  was  born  at  Winchester,  Mass.,  on  November  4,  1868,  and 
received  his  early  education  in  thepubhc  schools  of  Boston,  New  Haven 
and  Winchester.  He  entered  the  Massachusetts  Institute  of  Tech- 
nology in  1886,  graduating  from  the  course  in  electrical  engineering. 
He  was  already  familiar  with  the  handUng  of  machine  tools,  and, 
after  some  practical  experience  in  the  drafting  room  and  in  various 
subordinate  positions,  was  advanced  to  the  position  of  assistant 
engineer  in  the  Power  and  Mining  Department  of  the  Thomson-Hous- 
ton Company,  at  Lynn,  Mass.  When  the  consolidation  with  the 
General  Electric  Company  took  place  Mr.  Rice  was  transferred  to  the 
Schenectady  works.  He  was  soon  advanced  to  a  position  of  greater 
responsibilities  as  district  engineer  of  the  company,  with  headquar- 
ters at  Cincinnati,  a  field  in  which  his  services  were  called  upon  in 
many  branches  of  electrical  engineering  work — railway,  lighting, 
power  and  mining. 

He  then  turned  his  attention  to  raining  work,  and  after  service  in 
the  Silver  Lake  Mines,  at  Silverton,  Col.,  he  became  connected,  as 
consulting  engineer,  with  the  Anaconda  Copper  Mining  Company,  of 
Butte,  Mont.  There  he  obtained  a  wide  experience  in  the  develop- 
ment of  water-powers,  in  their  transmission  electrically  to  distant 
points  and  in  the  economical  handling  of  large  steam  plants.  Return- 
ing to  the  East,  he  was  appointed  electrical  engineer  of  the  Kings 
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County  Electric  Light  and  Power  Company,  and  later  took  part  in  the 
engineering  work  in  connection  with  the  consolidation  of  the  lighting 
plants  in  the  boroughs  of  Manhattan  and  the  Bronx,  of  the  city  of 
New  York,  under  the  auspices  of  the  New  York  Light,  Heat  and  Power 
Company,  succeeded  by  the  New  York  Edison  Company.  As  engi- 
neer in  charge  of  one  of  the  operating  departments  of  the  company 
and  engineer  of  the  company  operating  the  high-tension  subways  of 
New  York  City,  he  became  thoroughly  famiUar  with  all  branches  of 
central  station  work. 

In  1902  Mr.  George  Westinghouse  was  preparing  to  introduce  the 
Nernst  lamp  to  the  American  pubUc,  and  Mr.  Rice  received  a  call  to 
direct  the  work  as  second  vice-president  and  manager  of  the  Nernst 
Lamp  Company.  The  year  following  he  returned  to  the  service  of 
the  General  Electric  Company  as  consulting  engineer  of  the  New 
York  office  where  he  made  a  specialty  of  steam  engineering,  with 
particular  reference  to  steam  turbines. 

Mr.  Rice  is  a  member  of  The  American  Institute  of  Electrical 
Engineers,  and  The  Institution  of  Electrical  Engineers. 
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HELD   IN  NEW  YORK  ON   JANUARY  8, 
FEBRUARY  12,  MARCH  21,  APRIL  18, 1907 


REGULAR  MONTHLY  MEETINGS 

STATUS  OF  PAPERS   PRESENTED   AT  THE   MONTHLY   MEETINGS 

The  Council  decided  at  a  meeting  on  April  16  that — as  heretofore 
the  Society  had  not  held  regular  monthly  meetings  and  that  as  such 
monthly  meetings  had  not  been  specifically  mentioned  in  the  Con- 
stitution and  By-Laws  or  Rules  of  the  Society  as  having  official  recog- 
nifion — it  was  the  sense  of  the  Council  that  monthly  meetings  now  be 
considered  as  official,  and  that  they  offer  equal  opportunity  with  the 
annual  and  spring  meetings  for  the  presentation  of  technical  papers 
and  discussions,  and  that  the  same  shall  be  considered  by  the  Publi- 
cation Committee  for  the  Transactions  equally  as  if  they  had  been 
presented  at  the  annual  or  spring  meeting. 

THE  JANUARY    MEETING 

In  January  1907,  the  Society  began  holding  regular  monthly  meet- 
ings on  the  second  Tuesday  of  each  month.  The  January  meeting, 
Tuesday  evening,  January  8,  the  first  meeting  of  the  Society  in  the 
new  building,  was  addressed  by  Frederick  P.  Fish,  Esq.,  of  Boston, 
President  of  the  American  Telephone  and  Telegraph  Company,  the 
subject  being  "The  Ethics  of  Trade  Secrets."  Mr.  Fish  is  not  only 
one  of  the  most  eminent  attorneys  of  America,  but  has  made  a  speci- 
alty of  patent  causes.  His  address  was  a  logical  treatment  of  a  sub- 
ject which  has  been  of  great  interest  since  the  beginning  of  modern 
industries.  It  is  published  in  this  volume.  The  meeting  was  pre- 
sided over  by  the  President. 

THE  FEBRUARY  MEETING 

At  the  February  meeting  lield  on  Tuesday  evening,  February  12, 
"The  Testing  of  Inflammable  Gases"  was  treated  by  C.  E.  Sargent,  of 
Chicago,  111.,  and  Prof.  Charles  M.  Allen  of  Worcester  Polytechnic 
Institute  delivered  a  lecture  on  gasolene  in  which  he  made  experi- 
ments showing  the  chemical  combinations  necessary  to  produce  an 
explosive  gas  and  the  coml)ination  of  air  and  gas  for  j^roduciiig  ;tn 
inflammable  liquid. 
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THE  MARCH  MEETING 


Mr.  John  W.  Lieb,  Jr.,  Vice-President  of  the  Society,  addressed  a 
large  audience  in  the  main  Auditorium  on  the  evening  of  March  21. 
The  lecture,  delivered  on  the  occasion  of  the  regular  monthly  meet- 
ing, was  on  "Vesuvius  and  the  Mechanic  Arts  of  Pompeii,"  giving 
the  history  of  the  eruptions  of  Vesuvius  and  a  description  of  the 
life  and  customs  of  Pompeii  from  the  earliest  record  down  to  the 
present  time. 

The  lecturer  spoke  of  volcanic  heat  as  a  source  of  energy  as  yet 
practically  without  utilization,  and  as  a  field  of  investigation  for  the 
engineering  profession,  taking  up  also  the  character  of  volcanic  activ- 
ity, computing  the  enormous  pressure  necessary  to  sustain  the  Qpl- 
umns  of  lava  erupted  from  the  craters — which  are  in  many  cases  a 
thousand  feet  deep — and  to  force  them  a  thousand  feet  or  m.ore 
into  the  air. 

He  explained  the  accepted  causes  of  volcanic  activity,  the  theories 
of  volcanic  phenomena,  and  the  products  of  eruption — giving  a  scien- 
tific analysis  of  their  composition. 

A  brief  historical  sketch  of  the  eruptions  of  Vesuvius,  beginning 
in  63  A.  D.,  followed,  including  the  letters  of  Pliny  the  Younger  to 
Tacitus,  in  which  there  is  a  graphic  description  by  an  eye-witness  of 
the  terrible  catastrophe  of  79. 

The  descriptions  and  pictures  of  the  city  of  Pompeii;  the  streets, 
the  baths,  the  homes,  the  temples,  and  the  amphitheatre  formed  a 
valuable  part  of  the  lecture.  A  picture  was  shown  of  an  interesting 
relic  called  the  Table  of  Standard  Measures  which  is  the  first  evidence 
of  standardization  of  which  we  have  any  record.  These  standards 
were  adopted  during  the  rule  of  Augustus. 

Many  of  the  slides  were  specially  imported.  Some  were  taken  by 
the  author,  others  by  Mr.  Frank  Perret  of  Brooklyn,  who  was  in  the 
Vesuvian  Observatory  during  the  eruption  in  1906,  and  others  were 
reproductions  from  drawings. 

Moving  pictures  taken  in  April  of  last  j^ear  were  shown  by  Mr. 
E.  Burton  Holmes,  the  eminent  travelogue  author  and  lecturer. 
Among  them  were  pictures  of  Vesuvius  in  eruption,  a  panorama  of 
lava,  a  flowing  stream  of  molten  lava,  terrific  outbursts  of  smoke, 
steam,  sand  and  ashes,  refugees  leaving  San  Guiseppe  and  Ottaiano, 
and  Vesuvius  in  fury  as  seen  from.  Naples  at  sunrise. 
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THE  APRIL  MEETING 


The  April  meeting,  which  was  the  last  monthly  meeting  of  the  sea- 
son, was  held  on  Thursday  evening,  April  18,  during  the  week  of  Ded- 
ication, and  was  addressed  by  Brigadier-General  William  Crozier, 
Chief  of  Ordnance  of  the  United  States  Army.  The  paper,  which 
is  pubHshed  in  this  volume  is  upon  "The  Ordnance  Department  as  an 
Engineering  Organization,"  and  stands  as  an  unique  address  in  the 
Transactions  of  the  Society. 


No.  1137 

THE  ETHICS  OF  TRADE  SECRETS 

By  FREDERICK  P.  FISH,  ESQ.,  BOSTON,  MASS. 
No  n -Member 

The  trade  secret  that  mterests  us  today  as  a  practical  and  substan- 
tial feature  of  our  industrial  relations  can  not  be  considered  apart 
from  the  law  which  defines  it  and  alone  determines  its  extent  and 
character  as  a  thing  capable  of  discussion.  In  so  far  as  such  a  secret 
is  protected,  it  may  be  regarded  as  a  species  of  property.  It  is, 
however,  obviously  not  tangible  property,  like  lands  or  chattels.  It 
is  not  even  of  the  class  represented  by  stocks,  bonds,  or  other  securi- 
ties. Its  legal  recognition  implies  a  right  to  a  thing  that  is  intangible; 
to  an  idea  or  plan.  In  this  respect,  it  may  be  compared  not  only  with 
property  in  inventions,  in  so  far  as  the  same  are  protected  by  letters 
patent,  but  with  the  limited  rights  which  an  author  has  to  his  literary 
pi  eductions,  and  the  artist,  musician,  or  playwright  to  the  creations  of 
his  imaginative  effort.  Trademarks,  and  the  right  to  check  unfair 
competition  which  has  gro^vn  out  of  the  trademark  law,  are  other 
forms  of  intangible  property  which  the  law  protects. 

2  It  is  only  at  a  comparatively  high  stage  of  development  in  a 
community  that  the  law  recognizes  and  deals  with  such  intangible 
rights.  Early  jurisprudence  is  largely  concerned  with  personal  rights 
and  with  tangible  property.  It  is  filled  with  provisions  as  to  the 
maintenance  and  support  of  the  complicated  relations  which  in  primi- 
tive times  characterized  family,  social,  and  political  life.  As  society 
advances,  the  idea  of  individualism  develops,  and  freedom  of  action 
is  encouraged.  As  pointed  out  by  Sir  Henry  Maine,  "contract," 
that  is,  relations  voluntarily  established  by  individuals,  becomes 
more  and  more  important,  and  "status,"  which  is  the  condition 
imposed  upon  the  individual  by  his  environment,  that  is  to  say,  by 
the  accident  of  his  having  been  born  in  a  certain  station  in  a  certain 
community  and  at  a  certain  time,  becomes  less  controlling. 

3  This  change  from  status  to  contract  has  clearly  characterized 

Presented  at  the  monthly  meeting,  January  8,  1907  (New  York),  of  The  Amer- 
ican Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of  the 
Transactions. 
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the  development  of  the  English  speaking  race  to  which,  as  a  matter 
of  institutions  if  not  altogether  of  blood,  we  belong.  Involved  in  it, 
has  been  a  growing  recognition  of  the  right  of  a  man  to  that  which 
was  his  own.  This  was  inevitable  if  individual  effort  was  to  be  fos- 
tered and  men  were  to  be  free  to  deal  with  each  other  by  contract. 
If  public  sentiment  requhes  that  the  effort  of  each  citizen  shall  be 
encouraged  to  the  utmost  and  that  no  one  shall  have  the  du-ect  benefit 
of  another's  contribution  to  productive  power  without  his  consent,  it  is 
inevitable  that  the  familiar  doctrine  of  property  rights  should  be 
extended  so  as  to  include  things,  some  of  them  of  great  value,  which 
m  an  earlier  social  organization  were  not  conceived  of  as  subject  to  a 
legally  protected  individual  ownership. 

4  We  all  know  how  astonishing  have  been  the  advances  in  mate- 
rial prosperity  durmg  the  past  hundred  years.  He  would  be  a 
bold  theorizer  who  would  contend  that  this  advance  has  not  been 
due,  in  part  at  least,  to  the  fact  that  during  all  that  period  individual 
initiative  has  been  fostered  by  public  sentiment,  and  by  the  law 
which  m  the  long  run  reflects  the  prevailing  public  sentiment. 

5  It  is  during  this  hundred  5'ears  that  the  right  to  the  intangible 
properties  to  which  I  have  referred  has  for  the  most  part  been  crys- 
talUzed  into  such  shape  as  to  be  capable  of  definite  expression. 
Letters  patent  for  inventions,  to  be  sure,  grew  out  of  the  exception  in 
the  Statute  of  James  I.  (1623-1624) ,  which  declared  monopolies,  so  long 
a  source  of  revenue  to  the  British  kings  and  of  hardship  to  the  sub- 
jects, to  be  illegal  except  when  granted  for  a  limited  term  for  a  new 
manufacturer;  but  the  important  development  of  patents  and  of 
patent  law  as  an  essential  part  of  the  prevailing  industri:i,l  scheme, 
did  not  really  begin  either  in  Great  Britain  or  in  this  country  until 
well  into  the  19th  century. 

6  In  1742,  the  gi'eat  Chancellor,  Lord  Hardwicke,  declared  that 
while  every  trader  had  his  distinctive  mark  or  stamp,  he  knew  of  no 
precedent  for  enjoining  one  trader  from  using  another's  mark,  and  he 
thought  such  precedent  would  be  mischievous.  In  1803,  such  a 
precedent  was  estabhshed  by  Lord  Eldon,  in  the  case  of  Hogg  v. 
Kir  by,  8  Ves.215.  From  this  time  the  law  gi-ew  rapidly.  Its  prog- 
ress has  been  especially  marked  dui'ing  the  past  thhty  years. 

7  The  definite  development  of  the  law  of  copyright,  both  that 
which  is  based  on  statute  and  that  which  is  independent  of  legislative 
enactment,  is  in  like  manner  comparatively  modern.  The  fh-st  trade 
secret  case  was  decided  less  than  one  hundred  years  ago. 

8  In  all  the  classes  of  rights  to  which  I  have  just  referred,  there  is 
this  in  common :    Ideas  or  thoughts  or  plans  or  schemes  which  are  of 
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value  to  the  one  who  rightfully  possesses  them,  are  secured  to  him 
to  a  greater  or  lesser  extent  by  the  law.  In  the  case  of  a  trademark, 
and  of  the  cognate  law  preventing  mifair  competition,  what  is  secured 
to  the  owner  is  a  monopoly  of  the  benefit  which  comes  from  the 
impression  associated  with  the  shape  or  appearance  or  brand  of  an 
article  of  manufacture  which,  Imgering  in  the  mind  of  the  buyer, 
influences  him  in  subsequent  purchases  to  take  what  he  believes  to  be 
goods  of  the  same  make  as  those  which  he  bought  before.  There  is  a 
special  analogy  between  trade  secrets  and  letters  patent  for  inven- 
tions on  the  one  hand  and  common  law  and  statutory  copyi'ight  on 
the  other.     I  shall  again  refer  to  this. 

9  The  trade  secret,  as  we  know  it,  as  defined  and  determined  by 
our  rules  of  law  which  alone  give  it  body  and  character  is,  therefore, 
a  comparatively  modern  mstitution.  But  there  was  a  long  history 
of  trade  secrets  prior  to  our  common  law  recognition  of  them.  It 
may  be  interesting  to  note  briefly  the  great  part  that  they  have 
played  m  the  industries  under  conditions  that  have  now  passed  away. 

10  In  all  ages  many  trade  secrets  have  been  in  the  possession  of 
individuals,  but  for  a  long  period  of  time  they  also  were  a  great  asset 
of  trading  communities  and  frequently  of  guilds  or  associations. 
Every  effort  was  made  to  preserve  them  for  the  few  who  had  the 
benefit  of  them.  Always  and  everywhere  those  who  did  not  have 
the  secrets  sought  to  learn  them.  While  not  as  a  rule  protected  by 
systematic  rules  of  law,  kings  and  governments  often  intervened  to 
aid  their  subjects  to  preserve  the  secrets  they  had,  and  to  learn  those 
which  they  did  not  know.  All  this  was  in  accordance  with  the  under- 
lying laws  of  human  nature  which  prevail  even  to  this  day.  It  was  a 
phase  of  the  struggle  for  advancement  that  has  characterized  all  prog- 
ress. As  in  all  other  phases,  the  struggle  was  carried  on  by  each 
generation  according  to  the  standards  of  the  time,  and  those  standards 
were  sometimes  not  high.  It  seems  clear,  however,  that  the  right  to 
preserve  a  trade  secret  if  one  could,  and  to  an  equal  degree  the  right 
to  get  the  secret  of  another  by  any  means  not  offensive  to  the  current 
moral  sense,  were  always  recognized. 

11  The  history  of  the  silk  industry,  up  to  a  comparatively  modern 
time,  was  largely  confined  to  the  disclosure  of  the  secrets  of  the  East  to 
the  people  of  the  West,  and  later  of  one  Western  community  to 
another.  The  mysteries  of  cloth  manufacture  and  of  dyeing  were 
jealously  guarded  all  thi-ough  the  Middle  Ages.  There  are  dramatic 
stories  of  the  way  m  which  such  secrets  were  carried  from  one  place  to 
another.  We  read  of  James  I.  of  England  smuggling  tln-ee  skilled 
workmen  in  hogsheads  from  France  to  instruct  his  British  subjects  in 
the  secret  process  of  manufacturing  the  alum  used  in  dyeing. 
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12  Many  community  trade  secrets  were  disseminated  by  the 
religious  persecution  of  the  16th  and  17th  centuries  which  drove 
from  the  Netherlands  and  from  France,  Protestant  skilled  workmen 
who  were  bi  the  possession  of  those  secrets.  This  had  much  to  do 
with  the  development  of  mdustries  in  England,  Germany  and  Switz- 
erland. In  particular,  the  revocation  of  the  Edict  of  Nantes  exiled 
from  France  thousands  of  Huguenot  workmen,  who  were  thus  forced 
by  the  action  of  their  own  government  to  introduce  into  foreign 
countries  secrets  of  French  trade  and  manufactuie,  which  otherwise 
might  not  have  been  discovered  for  years. 

13  The  modern  art  of  hat  making  prior  to  the  revocation  of  the 
Edict  of  Nantes,  had  been  entirely  in  the  hands  of  certain  of  the 
French  Protestants.  They  alone  possessed  the  secret  of  the  liquid 
composition  which  served  to  prepare  properly  the  hare,  rabbit,  and 
beaver  skins  used  in  hat  makmg.  So  many  of  them  were  di'iven  to 
England  that  the  secret  of  their  art  was  lost  to  France  for  more  than 
40  years,  during  which  time  the  French  nobility  and  all  persons 
makmg  pretense  to  elegance  in  dress,  wore  nothing  but  English  hats. 
Finally  about  the  middle  of  the  18th  century,  a  French  hatter,  named 
Mathieu,  who  was  working  in  London,  stole  the  secret  which  the 
refugees  had  taken  away  and  carried  it  back  to  France ,  where  the  mdus- 
try  was  reestablished.  No  greater  blow  was  ever  inflicted  upon  the 
industries  and  trade  of  a  nation  than  in  France  by  the  revocation  of 
the  Edict  of  Nantes. 

14  The  gi'eat  family  of  the  Medici  m  the  16th  centm-y  had  a  trade 
secret  relatmg  to  the  manufacture  of  a  soft  porcelam,  which  was 
subsequently  lost,  probably  because  it  was  too  carefully  guarded. 

15  About  the  year  1710,  John  Frederic  Bottger,  who  was  in  the 
employ  of  Frederic  Augustus,  Elector  of  Saxony,  discovered  the  secret 
of  making  real  porcelain.  His  master,  the  Elector,  resolved  that  the 
discovery  should  remain  a  trade  secret.  He  therefore  kept  Bottger 
in  close  confinement  until  his  discovery  was  perfected  to  the  point  of 
finished  work.  He  then  established  a  factory  within  the  fortress  of 
Albrechtsburg.  The  drawbridge  was  always  raised;  none  but  the 
workmen  could  enter  or  leave  the  factory  and  they  were  bound  by  a 
solemn  oath  to  keep  until  death  the  secret,  if  by  accident  they 
learned  it.  They  knew  that  the  severest  pmiishment  would  follow 
any  betrayal.  This  was  the  origin  of  the  famous  Dresden  or 
Meissen  ware.  The  secret  of  the  Saxon  Elector  was,  however, 
preserved  only  for  a  short  time.  About  1745,  a  rmiaway  workman 
carried  it  to  Vienna,  where  under  royal  patronage  factories  were  estab- 
lished to  practice  it,  which  have  tui'ned  out  masterpieces  of  tlie  potter's 
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art.     Tlie  secret  was  also  carried  to  France  about  1770,  when  the 
manufacture  of  the  Sevi-es  pottery  began. 

16  Long  after  the  Flemish  refugees  driven  from  the  Netherlands 
by  the  religious  persecutions  of  Philip  II.  had  come  to  England,  they 
kept  to  themselves  as  trade  mysteries  the  manufacture  of  felt,  and  the 
making  of  certain  brass  ware  for  culinary  pui'poses. 

17  The  establishment  of  the  first  glass  factory  in  England  was  the 
result  of  the  theft  of  a  trade  secret.  An  English  admiral,  angered  by 
having  been  refused  admittance  to  a  French  factory,  hired  away  one 
of  the  workmen  from  that  factory  and  founded  an  establishment  at 
Ravenshead,  Lancashire,  which  has  continued  almost  if  not  quite  to 
the  present  time. 

18  The  secrets  of  the  production  of  Venetian  glass  ware  were 
guarded  with  most  jealous  care.  No  strangers  could  learn  the  art. 
Any  workman  carrying  his  skill  to  another  country  was  followed  and 
ordered  back.  If  he  refused  to  return,  his  relatives  were  imprisoned. 
If  he  still  persisted,  his  life  was  in  danger.  It  is  recorded  that  a 
wandering  Venetian  glass  maker  named  Paoli  was  followed  to  Nor- 
mandy, where  he  was  stabbed  with  a  dagger  on  which  was  written 
the  word  "Traitor." 

19  The  East,  as  it  always  has  been,  is  today  a  great  field  for  trade 
secrets.  We  of  the  West  do  not  loiow  the  mysteries  of  crackled  china, 
of  lace  work,  translucent  porcelain  covered  with  glaze,  or  of  the  mar- 
velous egg  shell  cups  and  the  process  whereby  they  are  enameled 
and  covered  with  a  finely  woven  case  of  bamboo.  The  same  is  true  of 
many  processes  for  the  manipulation  of  metals  and  amalgams,  which 
are  known  to  the  workmen  of  Japan  and  by  which  are  produced  effects 
beyond  the  reach  of  the  workmen  of  other  countries. 

20  The  two  oldest  secret  trade  processes  now  in  existence  are  said 
to  be  the  manufacture  of  Chinese  red  or  vermilion,  and  the  Damascus 
art  of  inlaying  hardened  steel  with  gold  and  silver. 

21  Up  to  the  capture  of  the  city  by  Tamerlane,  the  Damascus 
blade  was  the  most  famous  weapon  in  the  world.  It  could  cut  iron 
or  gauze  floating  in  the  air.  Tamerlane  carried  all  the  weapon  makers 
of  the  captured  city  into  Tartary  where  they  continued  their  work. 
Their  descendants  are  said  to  be  skilled  smiths  in  Samarcand  to  this 
day;  but  no  more  of  such  blades  were  produced  in  Damascus.  One 
can  buy  Damascus  weapons  there  today,  but  they  are  mostly  "made 
in  Germany." 

22  Always  and  everywhere  there  has  been  a  constant  effort  to 
discover  the  secrets  of  rival  manufacturers  or  of  rival  communities. 
An  mteresting  story  on  the  subject  is  that  of  the  Venetian,  Braarti, 
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who  in  the  18th  century  obtained  a  knowledge  of  the  methods  prac- 
ticed in  the  Bohemian  Glass  Works  by  disguising  himself  as  a  porter 
and  serving  for  three  years  in  a  glass  factory  in  order  that  he  might 
take  home  with  him  certain  mysteries  of  the  Bohemian  art  that  were 
not  known  in  his  native  city. 

23  The  day  of  the  guild  or  trade  association  has  long  passed  away. 
The  time  has  also  passed  when,  except  in  the  East,  a  state  or  even  an 
isolated  community  can  hope  to  monopolize  a  trade  secret  wliich  is 
shared  by  a  substantial  number  of  people.  The  ties  which  bind  the 
workmen  in  any  craft  to  their  employer  or  to  any  comprehensive 
trade  organization  have  long  been  among  the  Western  nations  too 
loose  to  prevent  the  dissemination  of  any  trade  device  or  method 
which  is  known  to  a  large  number  of  people.  It  can  be  no  longer  a 
secret  if  all  those  working  in  a  trade  in  any  locality  are  familiar  with  it. 

24  A  reference  to  these  trade  secrets  of  the  olden  time,  which 
seems  to  have  had  for  the  most  part  no  definite  legal  sanction,  is  only 
material  as  affording  a  basis  upon  which  public  sentiment,  vdth.  the 
sanction  of  the  law,  has  given  to  us  our  trade  secret  of  today.  The 
whole  industrial  world  was  permeated  with  the  idea  of  trade  secrets 
and  of  their  value.  As  the  trades  became  more  and  more  matters  of 
individual  enterprise,  it  was  but  natm-al  that,  with  this  history 
behind  them,  the  sentiment  of  the  community  regarded  them  as  a 
substantial  thing  to  be  dealt  with  on  grounds  of  public  policy.  It 
has  dealt  with  them,  through  the  law,  exactly  as  it  has  dealt  with 
copyrights  and  trade-marks,  and  I  beUeve  in  a  way  that  is  quite  in 
harmony  with  the  general  thought  of  the  time. 

25  When  our  law  of  trade  secrets  was  fiist  formulated  less  than  a 
century  ago,  the  industrial  conditions  were  nearly  as  remote  from 
those  of  the  present  day  as  they  were  from  those  of  the  ^liddle  Ages. 
The  trades  had,  however,  come  generally  into  the  hands  of  individ- 
uals. We  had  started  on  a  line  of  industrial  organization  and  devel- 
opment which  has  been  consistently  followed  to  the  present  time. 
Almost  the  cardinal  principle  of  this  line  of  development  has  been  the 
encouragement  of  the  individual  to  risk  and  effort.  It  has  been  gen- 
erally recognized  that  the  gain  to  the  community  would  be  the  greatest 
if  every  member  of  it  was  stimulated  to  do  his  utmost  for  himself. 
There  is  need  for  encouragement  to  individual  thought  and  effort. 
No  one  is  likely  to  face  the  trouble,  anxiety,  and  cost  of  experiment- 
ing and  testing  new  ideas,  which  are  sui-e  to  fail  in  the  majority  of 
cases  with  the  chance  of  great  loss,  unless  he  can  look  forward  to  a 
substantial  reward  if  he  succeeds. 

26  This  thought  was  not  new  with  the  last  century.  It  has  always 
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existed.  Men  have  always  been  encouraged  to  seek  individual  pros- 
perity as  probably  the  best  way  to  promote  the  common  good.  It 
may  well  be  that  the  whole  doctrine  of  the  right  to  property,  which 
seems  to  us  instinctive,  rests  upon  this  foundation.  But  with  the 
expanding  manufactures,  trade,  and  commerce  of  the  last  hundred 
years,  the  idea  has  become  dominant  as  never  before  and  has  been 
definitely  reflected  in  our  institutions  and  laws.  Certainly,  there  can 
be  as  a  practical  matter,  no  greater  stimulus  to  the  individual  to  do 
the  best  there  is  in  him  toward  building  up  the  industry  with  which 
he  is  concerned,  than  the  certainty  that  he  may  secure  and  maintain 
for  his  own  use  that  which  he  has  acquired  faii'ly  and  honestly  according 
to-  the  standards  of  his  time,  part  of  which  is  a  just  proportion  of 
what  he  has  added  to  the  general  productive  power.  If  such  is  the 
case,  the  greatest  good  of  the  gi-eatest  number  must  require  that  there 
should  be  a  gain  to  him  for  his  contribution  to  the  well  bemg  of  the 
community  by  way  of  original  thought  and  initiative,  as  well  as  by 
way  of  good  business  methods  or  admiuistrative  capacity  or  ardent 
labor. 

27  There  has  never  been  a  time  when  there  were  not  some  dissen- 
ters from  this  general  view.  Those  who  have  been  unsuccessful  have 
sometimes  failed  to  admit  its  validity.  Many  have  speculated  as 
to  whether  there  were  not  conceivable  mdustrial  conditions,  perhaps 
better  than  those  which  prevailed,  in  which  so  much  encom-agement 
would  not  be  given  to  the  individual  but  in  which  the  requisite  effort 
could  be  secured  on  other  and  less  selfish  grounds.  And  there  have 
been  times  in  which  the  natm-al  and  perhaps  inevitable  development 
of  current  industrial  methods  has  been  such  as  to  bring  about  a 
revulsion  of  public  sentiment,  more  or  less  sound,  and  more  or  less 
justifiable,  but  at  any  rate  to  be  taken  into  consideration  as  definitely 
affecting  the  trend  of  development  of  industrial  ideas  and  industrial 
conditions.  But  it  does  not  seem  possible  to  deny  that  the  general 
sentiment  has  almost  always  been  in  favor  of  the  encouragement  of 
the  mdividual  in  his  selfish  aspirations  for  personal  prosperity. 

28  I  see  nothing  in  the  temper  of  our  own  times  to  indicate  that 
this  broad  view  of  what  is  for  the  common  good  has  been  shaken. 
Few  doubt  that  an  individual  should  get  a  personal  benefit  from  his 
personal  skill  and  energy.  We  believe  that  the  better  and  more  use- 
ful the  workman,  the  more  he  should  have  the  rewards  of  life.  The 
public  generally  agi'ees  that  the  more  one  contributes  to  the  progress 
of  the  arts  as  an  inventor,  the  more  he  should  have  for  his  personal 
use,  and  that  the  reward  of  the  tradesman  or  manufacturer  should  be 
based,  to  a  substantial  extent,  upon  the  skill,  energy,  capacity,  and 
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honesty  with  whicli  he  carx'ies  on  and  builds  up  his  business.  We 
know  that  the  entire  community  profits  by  the  deserved  success  of  any 
hidividual  in  it.  We  feel  mstinctively  that  if  the  efforts  of  indivi- 
duals are  attacked  or  discoui'aged,  all  will  suffer.  The  time  may  come 
when  different  views  will  prevail,  but  I  do  not  anticipate  that  such 
will  be  the  fact. 

29  It  has  of  course  always  been  understood  that  the  gain  to  the 
individual  should  be  acquired  honestly  in  accordance  with  the  pre- 
vailing standards  of  the  time.  Sometimes  the  community  has 
decided  that  the  prevailing  standards  were  wi'ong,  that  is  to  say, 
inconsistent  with  the  general  welfare.  Then  the  standards  have  been 
more  or  less  changed  and  new  ones  established,  occasionally  after 
marked  political  and  business  convulsions,  but  when  the  convulsions 
were  over  and  a  readjustment  to  new  conditions  attained,  it  has  been 
found  that  the  right  of  a  man  to  a  fitting  reward  for  his  contribution 
to  the  public  well  being  was  respected  as  much  as  ever ,  and  that  society 
instinctively  proceeded  upon  the  old  prmciple  that  mdividuals  must 
be  encouraged  to  prosper  as  the  best  kno^\^l  means  of  secm-mg  to  the 
community  the  gain  in  productive  power  and  the  progi-ess  in  indus- 
trial effort  that  was  essential. 

30  It  is  upon  these  fundamental  principles  that  the  mi der lying 
right  to  the  protection  of  a  trade  secret,  in  so  far  as  it  is  or  can  be  pro- 
tected, depends.  The  right  is  logical  and  will  be  asserted  and  enforced 
by  public  sentiment  and  by  the  law,  which  as  I  have  ah'eady  said  is 
in  the  long  run  a  reflection  of  public  sentiment,  mitil  w^e  cease  to 
believe  that  individual  effort  should  be  encouraged  as  the  most  effective 
stimulus  to  industrial  improvement.  When,  if  ever,  doctrines  like 
those  of  socialism  prevail,  many  rights  which  seem  to  us  natm-al  and 
proper  may  disappear,  among  them,  perhaps,  the  right  to  protection 
against  the  disclosure  of  a  trade  secret  to  the  extent  to  which  that 
right  now  exists. 

31  A  trade  secret  is  some  method  of  manipulating  or  combhiing 
materials,  or  of  controlling  or  directing  the  forces  of  nature,  or  of 
organizing  machinery,  or  the  details  of  a  busuiess  which  is  the  result 
of  original  thought,  which  is  of  trade  value  to  the  person  who  has  the 
thought  or  the  right  to  apply  it,  and  which  is  kept  by  him  a  secret  that 
he  may  get  from  it  a  personal  advantage  not  to  be  directly  shared  by 
his  competitors.  Let  us  take  the  simplest  possible  case.  A  manu- 
factm-er  of  dyestuffs,  tlii-ough  his  own  ingenuity  or  thoughtfulness  or 
tlirough  the  ingenuity  or  thoughtf uhiess  of  others  whom  he  has  em- 
ployed, finds  out  that  his  product  can  be  mcreased  or  improved  or 
that  he  can  get  a  new  product  by  a  certam  process  that  is  not  at  the 
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time  employed  in  the  ait.  It  is  clear  that  under  none  of  our  stand- 
ards, either  of  law  or  of  ethics,  is  the  manufacturer  under  an  obligation 
to  use  this  process  or  to  disclose  it  to  anyone,  I  doubt  if  there  can 
ever  be  any  effective  law  supporting  such  an  obligation,  and  in  the 
absence  of  such  a  law  any  sentiment  of  the  community,  even  if  it 
existed,  would  be  inoperative.  Neither  the  law  nor  the  sentiment 
exists  today. 

32  The  secret,  therefore,  is  the  man's  own,  to  keep  or  to  disclose, 
to  use  or  not  to  use,  as  he  pleases.  No  public  policy  or  law  can  force 
its  disclosure  or  use.  But  the  one  who  has  it  can  be  encouraged  to 
disclose  it  or  use  it,  one  or  both.  The  patent  law  offers  a  reward  for 
the  disclosure  of  secrets  of  a  certain  sort,  and  incidentally  encourages 
their  use.  I  shall  have  a  word  to  say  later  as  to  the  bearing  of  letters 
patent  on  the  subject,  under  discussion. ^  The  law  relating  to  trade 
secrets  doesnottend  to  promote  the  disclosure  of  them,  but  the  con- 
trary.    It  does  encourage  theii'  use. 

33  If  such  a  secret  is  of  the  slightest  value,  its  use  as  distinguished 
from  its  suppression  is  obviously  desirable.  If  it  is  suppressed,  no 
one  gets  any  advantage  from  it.  Who  is  benefited  if  it  is  put  into 
use?  Is  not  the  answer  to  this  question  clear?  The  possessor  of  the 
secret  will  get  some  benefit  from  its  use;  but  the  community  as  a 
whole  is  far  better  off  if  the  secret  is  utilized.  By  practicing  the 
secret,  the  possessor  of  it  will  be  gettmg  by  a  given  expenditure  of 
capital  and  of  effort,  a  new  product  or  a  cheaper  or  a  better  product. 
He  will  get  a  profit  for  himself;  but  not  all  of  the  profit;  some  of  it  will 
inevitably  go  to  the  public.  He  will  be  adding  to  his  own  wealth, 
but  he  will  also  be  adding  to  the  wealth  of  the  state,  of  which  his  own 
wealth  forms  a  part.  His  business  will  prosper;  he  will  employ  more 
workmen;  the  efficiency  of  his  industry  will  be  enlarged;  it  will  be  of 
more  general  advantage  to  the  communit}' ;  the  well  being  of  society 
will  therebj'  be  advanced.  All  this  follows  whenever  there  is  in  an 
art  an  improvement  which  is  actually  utilized.  No  argument  seems 
to  be  required  to  show  that  society  is  better  off  if  the  new  thing  is 
employed  in  practice,  than  would  be  the  case  if  it  were  not  used  at  all. 

34  The  possessor  of  a  trade  secret,  who  needs  not  use  or  disclose  it 
and  who  is  unwilling  to  publish  it,  should  therefore  surely  be  encour- 
aged to  use  it.  The  law  recognizing  this  fact  affords  him  the  only 
form  of  encouragement  that  is  really  practicable;  namely,  a  certain 
limited  aid  in  his  effort  to  practice  and  utilize  his  secret  without  losing 
it.     It  helps  him  keep  his  secret. 

35  It  has  never  been  suggested  that  the  law  should  go  so  far  as  to 
protect  a  trade  secret  that  was  not  a  real  secret.     Such  a  proposition 
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is  entirely  inconsistent  with  the  common  sense  and  intelUgence  of 
mankind.  However  brilUant  may  be  a  thought  or  an  idea,  whether 
it  is  of  value  to  the  industries  or  to  Uterature  or  art,  when  without 
dishonesty,  fraud,  or  treachery,  it  has  once  become  known,  it  is 
common  property.  There  are  men  so  high  minded  that  they  would 
disdain  to  use  the  ideas  of  others,  even  if  they  had  the  right  so  to  do, 
but  such  a  view  is  not  universal,  and  it  would  be  utterly  impracticable 
to  seek  generally  to  preserve  for  one,  even  if  he  has  originated  it,  a 
thought  or  an  idea  that  has  without  wrong  become  disclosed  to  others, 
so  that  it  is  no  longer  a  secret.  But  the  law  can  say,  to  encourage  the 
use  of  such  a  secret,  that  those  who  are  bound  by  contract  or  by  good 
faith  to  aid  in  keeping  it  shall  be  held  to  their  obUgation. 

36  It  is  just  to  this  extent  and  no  further  that  trade  secrets  are 
protected.  The  law  does  not  intervene  to  protect  the  secret  against 
discovery  by  fair  and  honest  means.  It  does  not  undertake  to  make 
the  secret,  as  such,,  secure.  It  only  enables  it  to  be  utilized,  for  the 
good  of  the  possessor  and  of  the  public,  without  danger  of  betrayal  by 
those  who  learn  the  secret  in  confidence  while  it  is  being  operated  as  a 
secret,  and  who  can  betray  it  only  by  what  the  law  regards  as  a  breach 
of  honesty  and  fair  deaUng. 

37  The  man  who  is  practising  his  trade  secret  must  have  asso- 
ciates and  workmen.  Some  of  them  will  inevitably  learn  the  secret. 
Is  it  not  fair  and  reasonable  that,  learning  the  secret  under  such  condi- 
tions, they  should  be  forced  to  respect  it?  It  is  by  their  voluntary  act 
that  they  enter  into  such  relations.  Having  estabUshed  them,  should 
they  not  be  bound  by  the  necessary  impUcation  that  it  was  part  of  the 
understanding  that  they  should  keep  what  they  know  to  be  the  valu- 
able secret  of  the  man  with  whom  they  are  associated?  There 
would  seem  to  be  no  question  in  the  case  of  an  express  contract. 
Should  not  a  confidential  relation  clearly  involving  an  impUed  con- 
tract, be  equally  effective? 

38  There  may  be  others,  not  directly  associated  with  the  work,  to 
whom  the  secret  is  imparted  in  confidence.  Is  it  not  proper  that  they 
should  regard  that  confidence?  Does  it  not  appeal  to  us  as  right,  that 
those  who  receive  a  secret  of  this  sort  through  a  confidential  relation- 
ship which  involves  a  knowledge  of  the  secret,  should  respect  it  and  be 
bound  not  to  disclose  it? 

39  If  the  law  and  public  sentiment  were  otherwise,  no  trade 
secret  could  ever  be  safely  put  into  use.  By  holding  to  what  seems 
to  be  only  a  fair  standard  of  business  ethics,  those  who  gain  a  knowl- 
edge of  the  secret  through  a  contract  or  a  confidence  that  is  reposed 
upon  them,  are  prevented  from  disclosing  it,  and  the  desired  result  is 


ETHICS  OF  TRADE  SECRETS  23 

accomplished.  The  possessor  of  the  secret  is  not,  to  the  detriment  of 
the  community,  tempted  to  refrain  from  using  it,  but  he  is  encouraged 
to  practice  it  for  the  gain  there  is  in  it,  knowing  that  so  far  as  he  uses 
it  as  a  secret,  those  who  are  in  the  secret  are  bound  to  cooperate  with 
him  in  protecting  it  against  disclosure. 

40  It  has  been  settled  by  an  almost  unbroken  line  of  authorities, 
and  it  is  absolutely  clear  at  the  present  stage  of  the  law,  that  a  trade 
secret  will  be  protected  against  disclosure  by  anyone  who  has  received 
it  in  confidence  and  under  such  circumstances  that  there  is  a  contract, 
express  or  implied,  that  the  person  to  whom  the  secret  was  disclosed 
should  himself  respect  it.  It  follows  that  there  is  also  a  remedy 
against  those  who  have  received  a  disclosure  of  the  secret  from  per- 
sons guilty  of  a  breach  of  confidence  or  of  contract  in  imparting  it, 
unless  they  themselves  were  both  entirely  honest  in  the  matter  and 
protected  by  the  equities  of  the  situation.  Against  all  others  the 
owner  has  no  redress.  He  can  only  invoke  the  power  of  the  law  to 
make  effective  an  obligation  to  respect  his  confidence  and  to  live  up  to 
an  agreement. 

41  The  question  has  most  frequently  arisen,  and  is  most  likely  to 
arise  in  connection  with  the  employees  of  one  who  is  actually  prac- 
tising a  secret.  These  men  must,  from  the  nature  of  their  employment, 
know  the  secret,  or  be  in  a  position  to  discover  it.  In  dealing  with  a 
case  of  this  sort,  an  English  chancellor,  in  the  case  of  Morison  v.  Moat, 
9  Hare  241  (21  L.  J.  Ch.  248),  laid  down  the  law  in  the  following  words: 

The  principles  that  were  argued  in  this  case  are  principles  really  not  to  be  called 
in  controversy.  There  is  no  doubt  whatever  that  where  a  party  who  has  a  secret 
in  a  trade  employs  persons  under  contract,  express  or  implied,  or  under  duty 
express  or  implied,  those  persons  cannot  gain  the  knowledge  of  that  secret  and 
then  set  it  up  against  their  employer. 

42  In  Stone  et  al  v.  Goss  et  al,  65  N.  J.  Eq.,  756,  the  court  says: 

These  cases  establish  the  principles  that  employees  of  one  having  a  trade 
secret,  who  are  under  an  express  contract,  or  a  contract  implied  from  their  con- 
fidential relation  to  their  employer,  not  to  disclose  that  secret,  will  be  enjoined 
from  divulging  the  same  to  the  injury  of  their  employer,  whether  before  or  after 
they  have  left  his  employ;  and  that  other  persons,  who  induce  the  employee  to 
disclose  the  secret,  knowing  of  his  contract  not  to  disclose  the  same,  or  knowing 
that  his  disclosure  is  in  violation  of  the  confidence  reposed  in  him  by  his 
employer,  will  be  enjoined  from  making  any  use  of  the  information  so  obtained, 
although  they  might  have  reached  the  same  result  independently  by  their  own 
experiments  or  efforts.     We  approve  the  principle  thus  estabhshed. 

43  Again^in  Westervelt  et  al.v.  National  Paper, etc.,  Co.,  154  Ind. 
673,  the  court  says: 

It  was  the  imderstanding  and  agreement  between  appellee  and  said  Taggart 
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that  his  ideas  and  inventious  and  discoveries  concerning  said  proposed  macliine 
should  belong  to  appellee,  and  it  was  not  contemplated  by  either  party  that 
a  patent  should  be  taken  out  ujwn  anj-thing  which  he  might  invent  or  discover, 
but  that  it  should  be  kept  a  secret.  It  was  a  part  of  the  said  contract  with  said 
Taggart  that  he  should  make  a  complete  machine  for  appellee,  and  for  no  other 
person,  and  both  parties  understood  by  that  language  that  no  machine  embody- 
ing the  ideas  which  said  Taggart  expected  to  put  into  practical  form  should  be 
made  by  him  for  any  other  i^erson,  and  his  perfected  ideas  should  not  be  divulged 
to  any  other  person. 

44  Taggart  entered  the  employment  of  appellee  and  designed  a 
machine,  wliich  appellee  completed.  Then  Taggart  entered  into  a 
contract  with  the  other  appellant  for  three  years  to  make  his  machine, 
and  employed  the  same  draftsmen  as  appellee  to  furnish  drawings. 

It  is  evident  from  the  authorities  cited  that  if  a  person  euiijloys  another  to  work 
for  him  in  a  business  in  which  he  makes  use  of  a  secret  process,  or  of  machinery 
invented  by  himself,  or  by  others  for  him,  but  the  nature  and  particulars  of  which 
he  desires  to  keep  a  secret,  and  of  which  desire  on  the  part  of  the  employer  the 
employee  has  notice  at  the  time  of  his  employment,  even  if  there  is  no  express 
contract  on  the  part  of  the  employee  not  to  divulge  said  secret  process  or 
machinery  the  law  will  imply  a  promise  to  keep  the  employer's  secret  thus 
entrusted  to  him;  and  any  attempt  on  his  part  to  use  the  secret  process,  or 
machinery,  or  to  construct  the  machinery  for  his  own  use  as  against  the  master 
or  to  communicate  said  secret  to  others,  or  in  any  manner  to  aid  others  in 
using  the  same,  or  in  constructing  the  macliinery,  wiU  not  only  be  a  breach  of  his 
contract  with  his  emjiloyer  but  a  breach  of  confidence  and  \-iolation  of  duty  which 
will  be  enjoined  by  a  court  of  equity.     *     *     * 

Under  the  facts  alleged,  even  if  no  agreement  was  made,  one  would  be  impUed 
that  he  was  not  to  disclose  the  secret  of  the  construction  of  the  machine, 
or  impart  any  information  by  which  anyone  could  construct  such  a  machine. 
He  occupied  a  confidential  relation  to  the  appellee,  and  in  such  case  the 
law  raises  an  imphed  contract  between  them  that  the  employee  will  not  disclose 
any  trade  secret  imparted  to  him,  or  discovered  by  him,  in  the  course  of  his 
employment.  A  disclosure  of  such  secrets  thus  acquired  is  not  only  a  breach  of 
contract  on  his  part,  but  is  a  breach  of  trust  which  a  court  of  equity  will  prevent. 

45  Perhaps  the  leading  case  on  the  subject  in  this  country  is  that  of 
Peabody  et  al  v.  Norfolk  et  al,  98  Mass.  452,  in  which  Judge  Gray, 
speaking  for  the  Supreme  Court  of  Massachusetts,  stated  the  law  as 
follows: 

It  is  the  policy  of  the  law,  for  the  advantage  of  the  public,  to  encourage  and 
protect  invention  and  commercial  enterprise.  If  a  man  establishes  a  business 
and  makes  it  valuable  by  his  skill  and  attention,  the  good  will  of  that  business  is 
recognized  by  the  law  as  property.  If  he  adopts  and  publicly  uses  a  trade-mark 
he  has  a  remedy,  either  at  law  or  in  equity,  against  those  who  undertake  to  use  it 
without  his  permission.  If  he  makes  a  new  and  useful  invention  of  any  machine 
or  composition  of  matter,  he  may,  upon  fihng  in  a  public  office  a  description  of 
which  will  enable  an  expert  to  understand  and  manufacture  it,  and  thus  afford- 
ing to  aU  persons  the  means  of  ultimately  availing  themselves  of  it,  obtain  letters 
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patent  from  the  government  securing  to  him  exclusive  use  and  profit  for  a  term, 
of  years.  If  he  invents  or  discovers,  and  keeps  secret,  a  process  of  manufacture, 
whether  a  proper  subject  for  a  patent  or  not,  he  has  not  indeed  an  exckisive  right 
to  it  as  against  the  pubHc,  or  against  those  who  in  good  faith  acquire  knowledge 
of  it;  but  he  has  a  property  in  it,  which  a  court  of  chancery  will  protect  against 
one  who,  in  violation  of  contract  and  breach  of  confidence,  undertakes  to  apply  it 
to  his  own  use  or  to  disclose  it  to  third  persons.  The  jurisdiction  in  equity  to 
interfere  by  injunction  to  prevent  such  a  breach  of  trust,  when  the  injury  would  be 
irreparable  and  the  remedy  at  law  inadequate,  is  well  established  by  autliority. 

46  The  court  then  cites  a  number  of  the  leading  cases  and  concludes 
by  sustaining  the  right  of  the  court  to  interfere  to  protect  the  dis- 
closure of  a  trade  secret  where  there  is  a  "  violation  of  contract  and 
breach  of  confidence. " 

47  This  doctrine  is  supported  by  practically  an  unbroken  line  of 
authorities.  It  is  like  the  doctrines  of  the  common  law  which  protect 
trademarks,  and  which  prohibit  the  pirating  of  unpublished  dram- 
atic performances,  the  publication  of  letters  without  the  consent  of 
the  sender,  and  many  other  violations  of  fundamental  and  personal 
rights.  It  is  based  upon  the  conception  by  the  courts  of  what  is  for 
the  public  interest  and  what  is  fair,  proper,  and  honest,  as  between 
man  and  man.  There  always  has  to  be  a  legal  ground  for  the  appli- 
cation by  the  courts  of  a  principle  of  sound  morals,  and  in  this  con- 
nection there  is  some  question  in  the  cases  as  to  whether  a  trade 
secret  is  to  be  protected  as  property  or  because  there  is  a  contract, 
express  or  implied,  or  because  the  disclosure  would  be  a  breach  of  trust. 

48  It  does  not  seem  profitable  at  this  time  to  enter  upon  a  dis- 
cussion of  these  refinements.  For  all  practical  purposes,  the  views  of 
the  courts  are  based  upon  a  single  and  simple  proposition.  An 
individual  is  justly  and  honestly  in  possession  of  what  is  a  real  trade 
secret,  that  is,  something  useful  in  his  business  that  is  known  to  him 
and  protected  by  him  to  the  extent  of  his  power  as  a  secret  of  liis 
trade.  There  seems  no  doubt  that  this  is  a  real  property  interest 
exactly  as  an  invention  is  property  to  such  an  extent  that  the  govern- 
ment can  make  a  contract  with  reference  to  it  by  which  it  is  protected 
for  a  limited  term  by  a  patent,  and  exactly  as  an  artistic  or  literary 
expression  is  property  and  protected  as  such.  In  any  event,  it  is 
obviously  unfair  that  those  who  have  entered  into  a  fiduciary  rela- 
tionship with  the  possessor  of  the  secret,  or  who  by  express  contract 
or  by  reason  of  a  relationship  necessarily  implying  a  contract,  have 
agreed  to  protect  the  secret,  should  undertake  to  rob  the  owner  of 
his  secret  by  communicating  it  to  others  or  using  it  themselves. 
The  necessity  of  resenting  and  checking  such  unfairness  must  appeal 
to  all  of  us  as  it  has  invariably  appealed  to  the  courts. 
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49  In  a  large  number  of  the  cases  that  have  been  before  the 
courts,  there  has  been  no  express  agreement  to  protect  the  trade 
secret,  but  only  a  necessary  implication  that  such  an  agreement 
existed,  because  of  the  relation  of  service,  or  confidential  association. 
As  the  court  said  in  Robb  v.  Green  (1895),  2  Q.  B.  315: 

Where  the  court  sees  that  there  is  a  matter  of  this  kind  which  both  parties  must 
necessarily  have  had  in  their  minds  when  enteriug  into  a  contract,  that  Ls  precisely 
the  case  in  which  it  ought  to  imply  a  stipulation. 

50  In  Merryweather  v.  Moore  (1892),  2  Ch.  518  (Ch.  Div.),  the 
English  court  said: 

It  is  sometunes  difficult  to  say  whether  the  court  has  proceeded  on  the  implied 
contract  or  the  confidence,  for  I  will  put  aside  once  for  all  any  cases  arising  on 
express  contract.  Perhaps  the  real  solution  is  that  the  confidence  postulates  an 
imphed  contract;  that,  when  the  court  is  satisfied  of  the  existence  of  the  confiden- 
tial relation,  then  it  at  once  infers  or  impUes  the  contract  arising  from  that  con- 
fidential relation — a  contract  which  thus  calls  into  exercise  the  jurisdiction  to 
which  I  have  referred. 

51  It  is  one  of  the  glories  of  the  common  law  that  common  fairness 
and  common  honesty  are  at  the  basis  of  most  of  its  rules.  Occasion- 
ally a  new  situation  arises  in  which  the  law  finds  itself  so  hampered 
with  the  teclinicalities  inherent  in  any  definite  system  of  jurisprudence 
as  not  to  be  able  to  deal  as  it  would  hke  with  the  new  state  of  facts 
that  have  arisen.  This  is  almost  always  because  the  state  of  facts 
is  so  radically  new.  It  is  one  outside  of  the  ordmary  trend  of  the  law. 
When  such  instances  arise,  the  time  for  legislation  has  come. 

52  But  the  courts  have  had  no  difficulty  in  the  case  of  trade  secrets. 
Recognizing  the  propriety  of  the  proposition  that  they  should  be  pro- 
tected in  cases  where  breach  of  confidence  or  breach  of  contract  was 
involved,  exact  and  well-defined  principles  with  which  the  law  was 
familiar  led  to  intervention  by  the  courts,  to  see  that  that  was  done 
which  was  right. 

53  While  such  cases  ordinarily  are  brought  in  Courts  of  Equity, 
because,  as  a  rule,  an  injunetior  is  sought,  an  action  at  law  may  be 
brought  for  damages. 

Robb  V.  Green  (1895),  2  Q.  B.  315, 

54  The  injmiction  will  run,  not  only  against  the  employee,  but  a 
against  those  who,  with  knowledge  of  the  confidential  relations,  have 
induced  him  to  betray  the  secrets. 

Morison  v.  Moat,  9  Hare  241. 
Stone  et  al  v.  Goss  et  al,  65  N.  J.  Eq.  756. 
Taylor  Iron  and  Steel  Co.  v.  Nicholas  et  al,  61  Atl.  Rep. 
946. 
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55  The  vendee  of  the  secret  has  the  same  right  as  the  inventor  of 
the  secret  and  may  brmg  a  bill  against  a  former  employee  of  the  ven- 
dor, who  acquired  the  secret  in  confidence  before  the  sale,  provided 
the  employee  attempts  to  divulge  the  secret  wrongfully. 

Cincmnati  Bell  Fdry.  Co.,  v.  Dodds  et  al,   19  Weekly  Law 
Bull.  84  (Super.  Ct.  Cin.  0.) 

56  The  following  are  some  of  the  cases  in  which  the  law  as  above 
stated  has  been  enforced: 

Plans  of  engine: 

Merryweather  v.  Moore  (1892),  2  Ch.  518. 
Patterns  of  plaintiff's  pumps: 

Tabor  v.  Hoffman,  118  N.  Y.  30. 
Machinery  for  making  gunny  cloth  by  a  secret  process: 

Peabody  v.  Norfolk,  98  Mass.  452. 
Medicinal  formulae: 

Hartman  v.  Park  &  Sons  Co.,  145  Fed.  Rep.  358. 

C.  F.  Simmons  Med.  Co.  v.  Simmons,  81  Fed.  Rep.  163. 

Weston  V.  Hemmons,  2  Vict.  Law  Rep.  121  (1876). 

Yovatt  V.  Winyard,  1  Jacob  &  Walker  394. 
-    Morison  v.  Moat,  9  Hare,  241. 

Green  v.  Folgam,  1  Sim.  &  St.  398. 
Processes  and  formulae  for  manufacturing  photographic  supplies: 

Eastman  Co.  v.  Reichenbach  et  al,  20  N.  Y.  S.  110;  29  N.  Y.  S. 

1143. 
Process  for  making  typewriter  ribbons: 

Little  V.  Gallus  et  al,  38  N.  Y.  S.  487. 
Process  for  making  sticky  fly  paper: 

Thum  Co.  V.  Tloczynski,  114  Mich.  149. 
Secret  process  for  making  steel: 

Taylor  Iron  and  Steel  Co.  v.  Nichols  et  al,  61  Atl.  946  (N.  J. 
Eq.  195). 
Secret  process  for  detinning  tin  scrap: 

Vulcan  Detinning  Co.  v.  American  Can  Co.  et  al,  67  N.  J.  Eq. 
243. 

Reversed  on  other  grounds,  62  Atl.  881. 
Secret  process  for  the  manufacture  of  compounds  for  removing 
hair  and  wool  from  hides: 

Stone  V.  Goss  et  al,  65  N.  J.  Eq.  756. 
Machine  for  making  paper  boxes: 

Westervelt  et  al  v.  Nat.  Paper  and  Supply  Co.,  154  Ind.  673. 
Secret  for  dyeing  cloth: 

Bryson  v.  Whitehead,  1  Sim.  &  St.  74. 
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57  Many  other  trade  secrets  which  are  in  their  nature  commercial, 
that  is,  business  plans  or  devices,  which  were  special  to  one  who 
possessed  them,  and  useful  in  his  trade,  have  been  in  like  manner  pro- 
tected by  the  courts.  Examples  of  these  are  shown  in  the  following 
cases: 

News  agency  contract,  by  which  the  plaintiff  sent  news  to  its  sub- 
scribers under  contract  not  to  divulge  it  is  enforced  in  equity: 
Exchange  Tel.  Co.  v.  Central  News  (1897),  2  Ch.  48. 
Contracts  of  a  commercial  house  must  be  kept  secret  by  a  clerk: 
Hamlyn  v.  John  Houston  &  Co.  (1903)  1  K.B.  81. 
See  Salomon  v.  Hertz,  40  N.  J.  Eq.  400. 
Forms   and  materials  for  printing  advertisements  in  plaintiff's 
publication  cannot  be  used  by  his  agents  for  a  rival  publication: 

Lamb  v.  Evans  (1892),  3  Ch.  462.     Aff'd  (1893),  1  Ch.  218. 
Confidential  attorney's  clerk  enjoined  from  publishing  extracts 
from  books  and  papers  of  his  employers  or  of  their  clients. 
Evitt  v.  Price,  1  Sim.  483. 
Altliough  a  law  pupil  has  a  riglit  to  retain  copies  of  precedents  in  a 
barrister's  or  conveyancer's  office,  see 

Merryweather  v.  Moore  (1892),  2  Ch.  518,  525. 
Order  books  containing  customers'  names  cannot  be  copied  by  an 
employee  to  use  later  in  his  own  business  for  soliciting  orders: 
Robb  V.  Green  (1895),  2  Q.B.  315. 
Tailor's  assistant  cannot  take  away  patterns  of  clothes  of  employer's 
customers  when  he  sets  up  for  himself  in  order  to  induce  those  cus- 
tomers to  resort  to  him: 

Lamb  v.  Evans,  (1892),  3  Ch.  462,  at  p.  468. 

58  Analogous  cases  which  throw  light  on  the  principle  are  the 
following: 

One  who  makes  copies  of  a  drawing  under  contract  cannot  make 
extra  copies  to  sell  in  competition: 

Tuck  &  Sons  v.  Priester,  19  Q.  B.  D.  629. 
See  Levyeau  v.  Clement,  175  Mass.  376. 
A  photographer  who  takes  a  photograph  to  furnish  customer  with 
copies  cannot  sell  or  exhibit  extra  copies : 

Pollard  v.  Photographic  Co.,  40  Ch.  D.  345. 
Moore  v.  Rugg,  44  Minn.  28. 
See  otherwise,  Corliss  v.  Walker  Co.,  64  F.  R.  280,  where  the  cus- 
tomer is  a  public  person. 

59  Perhaps  as  comprehensive  a  statement  of  the  general  law  as 
any  is  that  of  Mr.  Justice  Story  in  2  Story's  Equity,  Sec.  952,  as 
follows : 
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Courts  of  equity  will  restrain  a  party  from  making  a  disclosure  of  secrets  com- 
municated to  him  in  the  course  of  a  confidential  employment.  And  it  matters 
not,  in  such  cases  whether  the  secrets  are  secrets  of  trade  or  secrets  of  title,  or  any 
other  secrets  of  the  party  important  to  his  interests. 

60  The  doctrine  of  these  cases  was  first  advanced  something  less 
than  one  hundred  years  ago.  In  two  early  cases  Lord  Chancellor 
Eldon  refused  relief.  In  one  (Newbery  v.  James,  2  Merivale  446), 
because  he  did  not  see  how  he  could  pass  upon  the  question  without 
bringing  out  the  secret  in  the  court  proceedings,  in  which  case  it 
would  be  disclosed  and  therefore  cease  to  be  a  secret.  The  courts 
have  been  able  to  deal  with  this  difficulty. 

61  In  the  second  case  (Williams  v.  Williams,  3  Merivale  157),  he 
refused  relief,  first  because  the  defendant  in  his  answer,  denied  that 
there  was  any  secret,  and,  second,  because  he  did  not  feel  that  the 
particular  medicinal  secret  involved  was  of  such  a  character  as  to 
entitle  the  plaintiff  to  the  good  offices  of  a  court  of  equity. 

62  In  a  third  case,  however  (Yovatt  v.  Winyard,  1  Jacob  and 
Walker  394),  (1820),  he  granted  the  injunction  asked,  and  the  law  has 
been  practically  settled  since  that  time. 

63  In  some  respects,  the  law  of  trade  secrets  does  not  seem  quite 
complete.  There  have  not  been  sufficient  cases  arising  under  suffici- 
ently varying  conditions  to  enable  all  aspects  of  the  law  to  be  worked 
out. 

64  For  example,  under  the  decisions  of  the  courts  there  seems  to 
be  practically  no  limit  as  to  the  character  of  the  subject  matter 
which  may  be  treated  and  protected  as  trade  secrets.  They  may  be 
of  small  or  large  importance;  they  may  or  may  not  involve  great 
novelty  or  real  inventive  quality.  They  may  be  mere  business  expedi- 
ents which  have  a  trade  value  because  of  their  convenience,  or  because 
they  record  useful  information.  Unlike  a  patentable  invention,  it 
does  not  seem  necessary  that  they  should  be  "new"  as  well  as  useful. 

65  One  eminent  judge  has  decided  that  a  trade  secret  which  had 
actually  been  described  in  an  expired  patent  (there  being  no  evidence 
that  it  had  ever  been  practiced)  was  entitled  to  protection  (Benton  v. 
Ward,  59  Fed.  Rep.  411-413).  At  first  sight,  it  might  seem  that  all 
that  was  required  was  that  there  should  be  a  secret  plan  or  method  or 
device  of  any  kind,  to  entitle  its  possessor  to  the  limited  protection 
which  the  law  gives. 

66  I  doubt,  however,  if  such  is  ultimately  determined  to  be  the 
law.  When  cases  arise  which  require  a  close  analysis  of  the  question, 
it  is  probable  that  the  courts  will  decide  that  there  is  something 
necessary  over  and  above  the  mere  question  of  secrecy  to  justify  the 
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exercise  of  the  power  of  the  court  to  prevent  the  use  or  disclosure  by 
one  who  acquired  liis  knowledge  in  confidence  or  while  under  con- 
tract. 

67  An  employer  may  have  a  certain  routine  in  dealing  with  his 
help,  which  he  thinks  aids  him  in  his  relations  with  them.  He  may 
give  them  certain  favors  that  they  appreciate.  Can  things  like  these 
be  a  trade  secret  which  the  law  will  protect?  He  may  have  dis- 
covered that  a  certain  make  of  lathe  or  of  sewing  machine  is  better 
adapted  to  the  work  of  his  factory  than  any  other.  Can  not  an 
employee  who  leaves  him,  fairly  take  away  that  information  and  use 
it  as  part  of  his  stock  of  trade?  There  must  be  some  limitation  to 
the  things  that  can  really  be  treated  as  trade  secrets.  Exactly  as  the 
courts  have  been  forced  to  determine  in  special  cases  whether  or  not 
an  alleged  invention  had  patentable  quality  or  was  merely  the  result 
of  the  intelligent  exercise  of  the  skill  of  the  art,  so  they  will  probably 
at  some  time  determine  that  it  is  not  everything  which  a  man  origi- 
nates or  acquires  and  uses  for  his  own  advantage,  which  is  capable  of 
becoming  the  sort  of  a  trade  secret  which  is  entitled  to  protection. 
Just  where  the  line  will  be  drawn  can  not  be  forseen.  It  may  be  that 
a  distinction  will  be  made  between  those  things  that  come  into  the 
art  by  a  mere  small  dvelopment  of  old  ideas  and  the  exercise  of 
ordinary  trade  knowledge  and  skill,  and  those  that  result  from  some 
degree  of  original  thought,  even  if  it  is  not  of  the  grade  which  under 
the  narrow  terms  of  our  statutes  is  required  to  constitute  patentable 
inventions.  It  seems  clear  that  as  long  as  the  present  views  of  the 
courts  prevail,  many  things  will  be  protected  as  trade  secrets  which 
could  never  be  the  subject  of  letters  patent. 

68  Again,  it  does  not  seem  as  if  a  device  or  method  or  plan  should 
be  respected  as  a  trade  secret  unless  it  is  specific  in  its  character  and 
capable  of  exact  description.  It  is  not  reasonable  that  vague  general 
methods  or  indefinite,  ill  appreciated  peculiarities  of  procedure 
should  be  dignified  as  capable  of  becoming  in  effect  property. 

69  The  decisions  have  but  little  to  say  on  such  points.  The  issues 
in  the  decided  cases  have  been  too  clear  to  make  it  necessary  to 
develop  them.  Some  time  considerations  like  these  will  come  up  in 
special  cases  and  the  law  will  be  started  on  a  line  of  discrimination 
and  distinction  which  wall  ultimately  define  the  limitations,  if  any 
should  exist. 

70  Certain  other  propositions  which  are  not  very  explicitly  devel- 
oped in  the  decisions  of  the  courts  or  in  the  text-books,  in  my  opinion 
are  or  ought  to  be  a  part  of  the  law. 

71  It  is  well  settled  that  the  alleged  secret  must  be  a  real  secret. 
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I  believe,  however,  that  before  the  courts  should  intervene  to  protect 
an  alleged  trade  secret  it  should  appear  that  it  was  not  only  regarded 
as  a  secret,  but  that  it  was  distinctly  treated  and  carefully  guarded 
as  such  by  the  possessor  of  it.  It  should  not  be  enough  that  he  has 
had  it  in  mind  to  call  it  a  trade  secret,  if  he  ever  needed  to  invoke  the 
protection  of  the  law.  He  must  have  taken  all  necessary  and  reason- 
able precautions  to  prevent  its  disclosure.  Moreover,  it  does  not 
seem  proper  that  he  should  have  redress  against  his  employees  and 
associates  unless  it  is  made  to  appear  that  they  knew,  while  occupying 
the  fiduciary  relation  which  gave  them  the  opportunity  to  learn  the 
secret,  that  the  specific  thing  now  called  a  secret  was  in  fact  regarded 
and  treated  as  a  secret,  which  they  must  respect  for  all  time.  It 
should  not  be  enough  that  one  man  has  worked  for  another.  The 
employee  has  a  perfect  right  to  grow  with  his  experience.  He  has  a 
right  to  carry  away  for  general  use  everything  that  he  learns  in  his 
place  of  employment,  except  trade  secrets.  The  public  interest 
requires  this  as  much  as  it  requires  that  trade  secrets  should  be 
respected.  The  employee  or  associate  should  be  notified  of  the  exact 
trade  secret,  that  he  may  know  what  results  of  his  experience  he  can 
and  what  he  cannot  take  away  and  use  freely.  Eternal  vigilance 
and  definite  effort  should  be  one  price  of  the  investment  of  a  trade 
secret  with  any  of  the  qualities  of  property. 

72  With  these  qualifications,  some  of  which  are  perhaps  not  yet 
fully  elaborated  in  the  opinions  of  the  judges,  there  seems  no  reason 
to  doubt  that  the  law  is  thoroughly  consistent  with  sound  ethical 
principles.  It  is  based  on  a  view  of  what  is  for  the  interest  of  the  com- 
munity, which  has  commended  itself  to  the  judgment  of  mankind  from 
the  beginning.  In  its  application,  it  insists  only  on  loyalty  and  good 
faith,  loyalty  to  one's  employer  and  one's  associate  and  to  one's  word, 
and  the  plain,  good  faith  which  is  always  expected  where  contract  or 
fiduciary  relations  are  established. 

73  To  test  this  question,  let  us  suppose  the  law  to  be  suddenly 
changed.  I  can  conceive  of  only  a  few  directions  in  which  a  change  of 
any  moment  is  possible.  One  would  be  to  the  effect  that  the  possessor 
of  a  trade  secret  should  publish  it  to  the  world  so  that  all  might  have 
the  advantage  of  it.  Such  a  law  would  be  incapable  of  enforcement, 
for  the  man  who  has  a  thought  or  an  idea  cannot  be  forced  to  express  it. 
If  the  rule  were  established  that  one  who  practices  his  thought  or  his 
idea,  thereby  irrevocably  gave  it  to  the  public,  trade  secrets  would 
perhaps  be  eliminated  to  a  large  extent,  and  so  would  any  progress  in 
the  art  that  is  based  upon  them,  for  the  possessors  of  them  would 
have  none  of  the  stimulus  to  develop  them  into  practical  form  and 
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make  them  useful  and  profitable,  that  is  based  upon  the  chance  of 
monopolizing  them.  Surely,  this  would  result  m  no  benefit  to  the 
community. 

74  Again,  the  law  might  be  modified  so  as  to  remove  the  present 
restrictions  against  the  disclosure  of  a  trade  secret  by  one  who  thereby 
is  guilty  of  a  breach  of  trust  or  of  contract.  So  long  as  we  maintain 
our  present  standards  of  right  and  wrong,  so  long  as  we  value  and 
insist  upon  loyalty  and  good  faith,  would  not  such  a  change  in  the 
law  be  inconsistent  with  all  that  is  good  in  human  nature,  and  the 
application  of  a  principle  which  is  most  distinctly  immoral?  If  an 
employee  or  trusted  associate,  for  selfish  ends,  can  be  disloyal  in  the 
matter  of  a  trade  secret  known  to  him  as  such,  and  the  knowledge  of 
which  he  would  never  have  acquired  except  through  his  relation  to  the 
possessor  of  the  secret,  why  should  he  be  loyal  in  any  other  matter? 
It  is  conceivable  that  disloyalty  as  to  a  trade  secret  might  be  the  most 
serious  conceivable  blow  to  the  one  who  had  given  confidence,  expect- 
ing honesty  and  fair  dealing  in  return.  I  trust  that  the  day  will 
never  come  when  the  courts  will  find  it  necessary  to  modify  in  this 
way  a  principle  of  law  which  to  so  great  an  extent  emphasizes  good 
faith,  which  depends  so  much  upon  a  recognition  of  the  obligation  to 
keep  agreements,  which  is  founded  upon  a  sound  pubhc  sentiment 
and  the  underlying  virtues  of  loyalty  and  fair  dealing. 

75  It  is  somewhat  surprising  that  apparently  there  is  no  reported 
case  in  which  an  effort  has  been  made  to  invoke  the  aid  of  the  courts 
to  protect  a  trade  secret  which  has  been  stolen  by  an  outsider.  It 
probably  has  happened  many  times  that  a  formula  has  been  copied  or 
a  secret  found  out  by  one  who  was  not  in  confidential  relations  with 
the  possessor  of  the  secret  but  who  got  the  mformation  surreptitiously. 
It  is  quite  conceivable  that  a  mere  trespasser  or  a  thief  should  discover 
such  a  secret.  If  such  instances  were  to  arise,  it  seems  to  me  not 
improbable  that  the  law  would  interfere  to  prevent  the  disclosure  of 
the  secret  by  the  one  who  stole  it  and  its  use  by  any  to  whom  the 
thief  disclosed  it.  It  could  not  do  so,  however,  on  the  groimd  of 
breach  of  confidence  or  breach  of  contract.  The  courts  would  have 
to  base  their  intervention  on  some  other  ground  consistent  with  the 
general  principles  of  law. 

76  In  the  case  of  Yovatt  v.  Winyard,  to  which  I  have  already 
referred,  a  formula  had  been  copied  surreptitiously,  but  it  was  by  one 
having  contract  relations  with  the  possessor  of  the  secret. 

77  Speculation  as  to  how  the  courts  would  deal  with  such  cases  is 
not  relevant  to  the  general  subject  of  this  paper. 

78  Believing  as  I  do  that  the  law  of  trade  secrets  is  fundamentally 
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right  and  iii  ticcord  with  sound  ethical  and  social  principles,  at  least 
as  gaged  by  our  present  standards,  I  have  not  turned  aside  to  con- 
sider the  possible  objection  to  the  views  that  have  prevailed.  It 
seems  to  me  that  those  objections  are  largely  based  upon  a  consider- 
ation of  the  obvious  hardships  involved  in  the  situation.  It  is  a  bur- 
den that  one  who  knows  a  useful  thing  should  not  have  full  power  to 
utilize  it.  Is  not  this  true  of  every  legal  restriction  upon  the  uidi- 
vidual?  It  is  often  a  serious  matter  for  one  to  carry  out  a  contract. 
From  a  narrow  and  material  point  of  view,  it  is  frequently  disadvan- 
tageous to  keep  faith  and  respect  confidence.  Every  property  right 
implies  that  something  is  monopolized  by  one  or  by  a  few  that  many 
others  would  like  to  have.  The  hardship  in  not  being  able  to  utilize 
knowledge  of  a  trade  secret,  obtained  by  way  of  confidence  or  con- 
tract, express  or  implied,  is  not  different  from  that  resulting  from  a 
multitude  of  other  obligations  that  are  constantly  arising,  some  from 
our  voluntary  acts  and  others  from  the  restrictive  operation  of  laws 
and  usage  that  have  been  developed  for  the  common  good  and  which 
are  forced  upon  all  of  us  whether  we  like  it  or  not. 

79  It  must  not  be  forgotten  that  no  man  need  place  himself  under 
the  embarrassment  of  knowing  a  trade  secret  unless  he  chooses. 
Each  of  us  is  free  to  refuse  the  employment  or  the  relationship  or  the 
contract  from  which  such  knowledge  would  come.*|^  If  we  do  not 
refuse,  we  must,  as  in  all  other  relations  in  life,  accept  the  situation  as 
a  whole,  with  its  burdens  as  well  as  its  advantages.  There  is  nothing 
special  as  to  trade  secrets  in  this  regard. 

80  Neither  must  it  be  forgotten  that  the  right  to  protection  in 
the  use  of  a  trade  secret  is  a  general  right.  It  is  sometimes  suggested 
that  while  the  rules  of  law,  as  I  have  defined  them,  were  adapted  to  a 
former  condition  of  things,  they  are  not  in  harmony  with  our  present 
industrial  situation.     I  do  not  think  that  such  is  the  case. 

81  It  is  true  that  in  the  early  years  of  the  last  century,  when  the 
trade  secret  of  today,  in  its  legal  relations,  was  formulated  by  the 
courts  as  a  logical  development  of  the  general  principles  of  law,  the 
units  of  trade  were  small.  Trade  secrets  were  then  in  the  possession  of 
small  manufacturers,  for  there  were  no  large  ones.  They  were  f  ften 
heir-looms,  passing  from  father  to  son,  for  generations.  We  all  know 
how  conditions  have  changed.  In  so  far  as  trade  secrets  play  any 
part  in  our  industries  of  today,  they  are  necessarily,  to  a  large  extent, 
features  of  our  modem  corporation  and  factory  system,  although 
there  are  stili  many  secrets  in  the  possession  of  individuals  who  use 
them  for  their  own  advantage,  sometimes  selling  the  loiowledge  of 
them  to  several  concerns,  always  under  a  pledge  of  secrecy  which  the 
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courts  would  enforce.  I  do  not  see  how  these  changes  in  industrial 
conditions  affect  tlie  question  under  discussion.  The  reasons  which 
led  to  the  original  protection  of  such  secrets  against  breach  of  con- 
tract or  breach  of  faith  one  hundred  years  ago,  are  sound  today.  If 
such  protection  was  fair  and  reasonable  then,  it  is  fair  and  reasonable 
now.  If  it  was  then  in  the  public  mterest  as  leading  to  the  promotion 
of  the  useful  arts,  the  same  is  true  today.  If  such  secrets  were 
entitled  to  recognition  in  the  last  centur}' ,  it  was  because  their  existence 
and  support  were  in  harmony  with  public  sentiment.  Unless  that 
public  sentiment  has  changed,  they  are  still  in  harmony  with  it.  I  do 
not  believe  that  it  has  changed. 

82  The  law  on  the  subject  is  the  same  whether  the  secret  is  of 
large  or  small  importance,  whether  it  is  possessed  by  an  individual  or 
a  corporation.  We  should  not  forget  that  any  one  of  us  in  this  room, 
and  any  workman  in  any  factory  in  the  land,  may  light  upon  such 
a  secret.  If  he  does,  it  will  have  the  protection  of  the  law.  It  may  be 
used  by  the  one  who  possesses  it,  or  he  may  by  contract  determine  the 
manner  and  extent  of  its  use.  In  any  case  he  will  have  control  of  it 
as  a  reward  for  his  intelligence  or  forethought  in  coming  into  posses- 
sion of  it.  He  will  have  encouragement  to  put  it  in  use,  in  which 
case  the  public  will  get  a  benefit  from  it  which  they  might  otherwise 
never  have  received. 

83  A  consideration  of  possibly  more  moment  is  that  there  is 
offered  to  the  originator  of  certain  special  forms  of  industrial  secrets, 
or  to  his  assignee,  the  protection  afforded  by  the  grant  of  letters 
patent.  It  may  be  contended  that  the  opportunity  to  patent  an 
invention  is  all  the  encouragement  to  the  promotion  of  the  useful  arts 
that  is  required  in  the  public  interest,  and  that  there  should  be  no 
other  reward  for  the  origmation  of  a  new  thought  or  of  a  new  method 
or  device  than  that  given  by  a  patent.  Passingfora  moment  the  point 
that  only  a  small  class  of  useful  ideas  are  capable  of  receiving  the 
benefit  of  letters  patent  and  referring  only  to  things  that  are  patent- 
able, such  a  view  does  not  seem  to  me  fair  or  reasonable.  Why 
should  a  man  be  forced,  against  his  will,  to  publish  what  is  in  his 
mind?  Ought  he  not  to  be  allowed  to  determine  for  himself  what  is 
for  his  interest?  Should  he  not  be  free  to  decide  whether  he  is  likely 
to  get  an  adequate  reward,  under  the  patent  act,  if  he  does  make  the 
publication?  If  he  concludes  that  such  will  probably  not  be  the  case, 
should  he  not  be  at  liberty  to  use  his  new  idea  as  a  secret  in  his  busi- 
ness, or  in  some  business  with  which  he  establishes  relations,  taking 
his  chances  as  to  the  secret  being  discovered? 

84  The  whole  law  of  patents  implies  the'^right  of  a  man  to  keep  as 
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a  secret  that  industrial  improvement  which  he  has  conceived.  It  is 
because  that  right  is  recognized  that  patent  laws  exist.  They  say  in 
effect:  "  You,  the  inventor,  have  a  trade  secret  which  is,  among  other 
things,  new,  useful  and  the  result  of  invention.  You  may  keep  this 
secret  if  you  can,  and  so  long  as  it  is  kept  secret  you  and  those  claiming 
under  you  alone  may  use  it.  If  your  secret  is  discovered  without 
breach  of  faith,  as  may  be  the  case  at  any  moment,  you  lose  it  abso- 
lutely. Do  you  not  prefer  to  make  a  contract  under  the  patent  law 
by  the  terms  of  which  you  are  to  publish  your  invention  in  the  best 
form  laiown  to  you,  and  in  consideration  of  that  publication  secure  a 
right,  which  you  cannot  otherwise  have,  and  which  shall  be  enforce- 
able by  law,  to  prevent  the  use  of  your  new  idea  by  any  others  with- 
out your  consent  for  a  limited  term,  say  seventeen  years?  You  will, 
to  be  sure,  sacrifice  the  chance  you  now  have  of  keeping  your  inven- 
tion for  an  indefinite  time  a  secret  and  therefore  in  your  owti  control, 
but  in  return  you  get  the  right  to  invoke  the  aid  of  the  law  to  restrain 
any  use  without  your  consent  for  a  certain  period.  Which  course  do 
you  think  most  for  your  advantage?" 

85  If  all  trade  secrets  could  be  patented,  and  if  the  patent  law  was 
as  satisfactory  in  substance  and  in  administration  as  we  wish  it  might 
be,  there  can  be  no  question  which  course  would  be  the  most  advan- 
tageous to  the  one  who  possessed  the  secret.  A  patent  would  be 
enormously  more  satisfactory  than  the  chance  of  preservuig  a  trade 
secret.  The  latter,  at  the  best,  is  a  most  uncei^tain  and  hisecure  prop- 
erty. It  may  be  lost  so  as  to  be  open  for  use  by  any  one,  in  innumer- 
able ways  which  are  not  within  the  scope  of  the  rules  of  law  to  which  I 
have  referred.  It  may  be  disclosed  by  accident  by  the  one  who 
possesses  it,  or  unintentionally  in  such  a  way  as  to  mvolve  no  breach 
of  faith  by  those  who  know  it. 

86  As  I  understand  the  decisions,  even  unfairness  or  want  of 
faith  on  the  part  of  one  who  receives  knowledge  of  the  secret  in  confi- 
dence, does  not  make  it  impossible  for  him,  before  he  is  enjoined  by 
the  courts,  to  dissemuir.te  the  information  so  that  those  who  get  it 
from  him  may  use  it  freely.  A  person  who  has  notice  of  the  incapac- 
ity of  his  informant  to  violate  confidence,  or  one  who  has  given  no 
consideration  for  the  information,  would  be  subject  to  injunction. 
On  the  other  hand,  a  bona  fide  purchaser  of  the  secret  who  had  no 
notice  of  any  beach  of  confidence  or  of  contract  on  the  part  of  the  one 
who  sold  him  the  information  for  value,  could,  I  believe,  use  the 
information  without  interference  from  the  courts.  He,  as  a  bona 
fide  purchaser  for  value  and  without  notice  would  have  an  equity 
equal  to  that  of  the  possessor  of  the  secret.  Under  such  circumstances 
tbe  courts  are  not  likely  to  interfere. 
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87  If  a  disclosure  was  wrongfully  made  intrude  journals  or  other- 
wise, it  would  be  a  difficult,  almost  an  impossible  task  for  the  one 
whose  rights  had  been  violated  to  secure  redress  agauist  the  entire 
public  who  had  read  of  the  secret  and  who  were  actually  innocent  of 
any  breach  of  faith.  Moreover,  where  there  is  a  trade  secret,  the  fact 
that  it  exists  is  likely  to  be  known throughoutthe trade, andeach  com- 
petitor has  the  full  right  to  find  the  secret  for  himself,  using  all  informa- 
tion as  to  its  nature  and  the  results  from  it  that  he  can  get  from  an 
inspection  of  the  product,  from  speculation,  or  m  any  fair  way.  I 
will  say  nothing  as  to  unfair  ways  that  might  be  employed  and  which 
might  be  carried  out  with  effect,  but  so  shrewdly  as  to  evade  the  law. 
No  man  would  prefer  a  trade  secret  to  a  patent  if  the  only  question 
was  one  between  the  chance  of  keeping  his  device  or  method  to  him- 
self indefinitely  without  publication ,  and  publication  with  a  reasonable 
certainty  of  protection  during  a  Umited  term.  But  the  issue  does  not 
come  up  in  this  simple  fashion. 

88  In  the  first  place,  as  is  sho^^vn  by  the  cases  I  have  cited,  many 
trade  secrets  are  not  of  a  patentable  character.  It  may  be  that  the 
number  of  these  will  be  reduced  as  the  law  develops.  Manj^  such 
should  surely  be  capable  of  protection  in  some  way.  There  is  no 
other  possible  way  than  through  the  present  rules  of  law  to  which  I 
have  referred.  Most  of  these  unpatentable  ideas  are  of  relatively 
small  importance. 

89  Of  the  valuable  trade  secrets  such  as  new  mechanical  or  chem- 
ical processes,  some  undoubtedly  have  or  once  had  patentable  quality. 

90  Should  the  takmg  of  a  patent  be  the  only  possible  protection 
for  these?     I  think  not. 

91  There  are  many  valid  reasons  why  the  discoverer  of  a  new 
industrial  process  may  well  determine  not  merely  that  it  is  for  his 
interest  to  take  his  chances  of  keeping  it  secret  ratherthan  to  publish 
it  in  a  patent,  but  that  the  latter  course  might  leadto  disaster.  While 
it  is  generally  but  not  always  easy  to  prove  an  act  of  infringement  of  a 
patent  od  a  product,  or  a  tool  or  a  machme  m  general  use  it  is  often 
practically  impossible  to  obtain  legal  proof  of  the  process  employed 
by  one  who  is  believed  to  mfringe  a  process  patent.  The  mf ringer  is 
very  apt  to  be  able  to  keep  his  infringement  an  undiscoverable  secret. 
I  am  inclined  to  the  belief  that  a  substantial  part  of  the  important  and 
valuable  trade  secrets  now  in  use,  most  of  which  are  processes,  would 
if  patented  be  used  without  nuich  if  any  chance  of  redress  on  the 
part  of  the  patent  owner.  At  any  rate,  if  the  one  who  controls  the 
secret  fears  that  he  could  not  prove  infrmgement  of  a  patent,  is  it  con- 
trary to  public  policy  that  he  should  be  allowed  to  take  his  chances  of 
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keeping  what  he  has  discovered  a  trade  secret  rather  than  run  the  risk 
of  losing  it  altogether  by  publishing  it? 

92  Again,  nothmg  can  be  patented  unless  it  involves  invention. 
Pages  have  been  written  by  way  of  defining  invention.  Many  of  our 
greatest  judges  have  given  all  possible  thought  to  the  subject.  It  is 
still  indefinite,  however.  The  judgment  of  the  Patent  Office  on  the 
point  is  every  day  overruled  by  the  courts.  No  lawyer  can  advise  any 
confidence  in  a  great  number  of  the  cases  that  come  before  him. 

93  Inasmuch  as  a  trade  secret  is  a  man's  own,  to  use  or  not  as  he 
pleases,  can  it  be  required  that  he  should  absolutely  give  up  his 
opportunity  to  utilize  his  idea  for  his  own  benefit,  and  mcidentally 
for  the  benefit  of  the  public,  in  his  ovm  factory  and  imder  the  seal  of 
secrecy,  and  take  a  patent  which  might  be  declared  invalid  for  want 
of  invention,  no  matter  how  useful  and  meritorious  the  subject  matter 
might  be?  In  like  manner,  when  one  takes  a  patent,  he  exposes 
himself  to  the  danger  of  having  it  declared  invalid  on  any  of  an  innu- 
merable number  of  other  grounds  which  he  cannot  foresee  or  guard 
against.  If  he  prefers  to  keep  what  he  has  a  secret,  if  he  can,  is  there 
any  substantial  ground  why  he  should  not  be  allowed  to  do  so? 

94  Moreover,  admirable  and  effective  as  is  our  patent  law,  there 
are  involved  m  its  administration  many  difficulties  other  than  that 
of  proving  infringement.  In  practice  it  is  most  cumbersome  and 
expensive.  Years  are  likely  to  elapse  before  a  test  case  can  be  deter- 
mined, during  which  mfringement  becomes  general.  Under  our 
present  court  organization,  with  no  single  appellate  tribunal  covering 
the  whole  country,  a  victory  for  the  patentee  in  the  first  case  does  not 
settle  the  situation.  He  may  have  to  sue  many  infringers  in  many 
parts  of  the  land  before  his  rights  are  generally  recognized. 

95  Our  patent  system  is  probably  the  best  in  the  world,  and  it 
is  certainly  administered  by  courts  of  great  intelligence  and  high 
character.  The  difficulties  to  which  I  have  referred,  and  other  like 
difficulties,  are  inherent  m  any  patent  system.  Certainly  it  would 
require  strong  considerations  of  public  policy  to  force  an  inventor  to 
take  what  is-  offered  by  the  patent  law  as  his  only  form  of  reward 
when  he  may  see  clearly  that  the  new  thing  which  he  has  may  not 
stand  the  strain  of  patent  litigation,  but  may  be  profitable  to  him,  and 
useful  to  the  community  if  he  can  keep  it  for  a  reasonable  time  as  a 
trade  secret. 

96  It  is  to  me  somewhat  significant  that  the  legislatures  of  Eng- 
land and  America  which  have  many  times  dealt  with  the  patent  law 
have  never  directly  touched  the  subject  of  trade  secrets.  They  seem 
to  have  recognized  the  fairness  and  justice  of  the  common  law  rules  on 
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the  subject,  and  that  the  only  course  which  would  commend  itself  to  a 
sound  public  sentiment  was  to  make  the  patent  laws  so  attractive  as  to 
induce  the  owners  of  patentable  trade  secrets  to  publish  them  in  con- 
sideration of  the  patent  grant.  In  this  they  have  to  a  large  extent 
succeeded.  The  number  of  patents  is  very  great,  while  the  number 
of  trade  secrets  is  very  small.  It  is  only  in  a  few  special  classes 
of  subject  matter  that  the  patent  is  not  a  more  attractive  reward  for 
the  new  contribution  to  industrial  progress  than  is  the  limited  pro- 
tection given  by  the  law  to  a  trade  secret.  There  are  few  situations 
in  which  the  secret  can  be  kept  at  all,  even  if  everyone  exercises 
the  utmost  possible  good  faith.  It  is  impossible  in  the  case  of  a  prod- 
uct, whether  chemical  or  mechanical,  and  more  than  difficult  in  the 
case  of  tools  and  machinery.  It  is  only  with  processes  which  are  prac- 
ticed in  a  factory  and  which  are  not  disclosed  by  a  study  of  the 
product  that  there  is  any  substantial  chance  of  maintaining  secrecy. 
To  a  far  less  extent,  tools  and  machines  which  are  not  generally  distrib- 
uted have  some  chance  of  being  kept  secret. 

97  If  a  man  elects  in  those  few  cases  not  to  publish  but  to  take 
his  chances,  can  there  be  any  real  objection  to  his  pursuing  that 
course?  It  is  certainly  inconvenient  and  annoying  to  some  extent. 
It  is  a  real  personal  hardship  that  a  workman  or  engineer  who  has 
learned  the  secret  under  such  conditions  that  he  must  respect  it,  can 
not  utiUze  it  in  his  subsequent  work.  It  undoubtedly  holds  back  the 
progress  of  the  useful  arts  to  some  extent  that  the  whole  world  is  not 
free  to  practice  it  and  to  improve  upon  it.  But  this,  in  theory,  is 
equally  true  as  to  things  that  are  patented,  during  the  long  term  of 
seventeen  years  in  which  no  improvement  on  the  thing  patented  can 
be  rightfully  used  except  by  the  patentee  or  those  claiming  under  him. 
It  would  be  true  of  any  monopoly  given  the  inventor  or  devisor  of  a 
new  thing  as  a  reward.  But  the  progress  of  the  useful  arts  is..  I 
beheve,  enormously  promoted  by  the  patent  system.  I  doubt  if  it  is 
interferred  with  to  any  appreciable  extent  by  the  requirement  of  good 
faith  in  those  who  have  in  confidence  become  acquainted  with  trade 
secrets. 

98  On  the  other  hand,  I  believe  that  sound  business  generally  and 
the  comparatively  few  arts  in  which  such  secrets  are  of  any  importance 
are  definitely  promoted  by  the  fact  that  the  law  aids  in  preventing 
disclosures  based  upon  bad  faith. 

99  I  have  referred  to  the  analogy  between  trade  secrets  and 
patent  rights,  on  the  one  hand,  and  the  privileges  of  copyright  on  the 
other.  The  analogy  is  significant  as  showing  the  logic  of  the  law,  and 
the  basis  upon  which  it  has  been  developed. 


ETHICS  OF  TRADE  SECRETS  39 

100  The  copyright  which  protects  a  pubhcation  of  any  kind  is 
purely  statutory,  exactly  as  is  the  protection  given  by  letters  patent. 
It  is  an  inducement  to  publish,  that  is,  to  give  to  the  world  what 
might  otherwise  never  be  published.  As  in  the  case  of  a  patent,  it 
secures  to  the  owner  a  monopoly  for  the  thing  published  for  a  hmited 
term,  after  which  the  field  is  open  to  everyone.  It  is  distinct  recogni- 
tion of  the  author's  right  not  to  publish  unless  he  chooses. 

101  But  in  addition  to  the  statutory  copyright,  there  is  a  common 
law  copyright  which  does  not  deal  with  publications  at  all.  This  pro- 
tects the  unpublished  book,  or  piece  of  music,  or  play,  or  picture,  and 
even  the  letters  which  one  writes,  against  publication  or  exhibition 
by  others  than  the  person  who  originated  them  or  secured  the  lawful 
control  of  them  as  unpublished  material.  The  protection  is  the  same 
as  that  in  the  case  of  a  trade  secret.  The  right  of  the  owner  to 
publish  or  not,  as  he  please§,  is  recognized  as  absolute.  He  may 
make  what  private  use  of  the  unpublished  material  he  chooses.  He 
loses  all  common  law  protection  if  and  when  he  publishes.  Up  to 
that  time  those  whom  he  takes  into  his  confidence  must  respect  his 
sole  and  exclusive  control  of  the  unpublished  matter.  They  can  not 
publish  it  nor  can  they  use  it  without  his  consent.  It  is  obvious  how 
close  this  branch  of  copyright  law  is  to  that  governing  trade  secrets. 

102  This  is  only  another  illustration  of  an  application  of  the  princi- 
ples for  wliich  the  courts  have  contended  in  the  development  of  the 
law  as  to  trade  secrets.  In  both  cases  the  authorities  are  substantially 
a  unit,  and  their  views  seems  supported  by  public  opinion  and 
consistent  with  sound  business  policy. 

103  Such  are  my  views  as  to  the  ethics  of  trade  secrets.  They  are 
those  of  the  courts,  and  I  believe  of  the  public.  I  recognize  that  all 
industrial  questions  are  now  under  investigation.  Much  good  will 
comes  from  a  fresh  study  of  them  in  their  relations  to  modern  social, 
political,  and  economic  conditions.  There  is  no  class  of  men  in  our 
land  more  capable  of  coming  to  sound  conclusions  on  such  subjects 
than  that  represented  by  the  Society  which  I  now  have  the  honor  of 
addressing.     There  are  no  men  whose  influence  is  greater. 

104  The  question  we  have  been  considering  is  only  one  of  many 
upon  which  the  community  has  had  settled  views  which  were  reflected 
in  the  unanimous  findings  of  the  courts.  As  to  some  of  those  ques- 
tions, it  may  be  that  we  are  on  the  verge  of  marked  changes  of  thought 
which  may  result  in  equally  great  modifications  of  what  have  seemed 
to  be  sound  and  permanent  industrial  and  business  principles,  and  in 
the  applications  of  those  principles.  The  engineers  of  the  United 
States  will  surely  be  on  the  right  side  of  the  discussion  of  these  sub- 
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jects,  and  of  an}'^  political  or  judicial  action  -which  follows  those  dis- 
cussions. It  may  be  well  in  every  case  to  consider  the  grounds  for 
the  doctrine  that  has  prevailed  before  condemning  it  altogether.  It 
will  always  be  necessary  to  determine  whether  the  criticism  should  not 
be  directed  to  the  applications  of  the  doctrine;  that  is,  to  the  special 
cases,  rather  than  to  the  doctrine  itself.  In  the  matter  of  the  trade 
secret,  there  may  be  hardship  or  even  wrong  in  special  cases.  If  so, 
let  us  find  out  how  to  deal  with  the  subject  so  as  to  retain  what  is 
right  and  to  eliminate  what  is  wrong.  A  modification  of  the  present 
rules  of  law  may  perhaps  be  essential  to  that  end. 

105  The  important  thing  for  us  to  determine  is  whether  or  not  the 
prevailing  views  as  exemplified  in  the  decisions  of  the  courts,  are  not 
fundamentally  sound,  based  as  they  purport  to  be  on  principles  of 
thought  and  action  that  are  in  harmony  with  elementary  rules  of 
public  policy  and  good  morals.  If  they  are  right  they  should  be  sus- 
tained. For  myself,  and  speaking  generally,  I  can  not  see  what  fairer 
or  more  reasonable  views  could  be  advanced  in  their  stead. 


No.  1138 

THE  TESTING  OF  INFLAMMABLE  GASES 

By  C.  E.  SARGENT,  CHICAGO,  ILL. 
Member  of  the  Society 

With  the  increasing  demand  for  internal  combustion  engines, 
the  great  activity  in  by-product  and  producer  plants,  and  the  vigor- 
ous growth  of  gas  industries,  the  testing  of  gases  for  their  calorific 
value  and  foreign  ingredients  is  one  of  the  duties  of  the  engineer,  and 
a  simple,  quick,  and  efficient  method  of  making  such  determinations 
greatly  facilitates  his  work. 

2  In  making  efficiency  tests  of  gas  engines  and  in  determining  the 
solid  matter,  moisture,  and  calorific  value  of  gases,  methods  have 
been  used  and  apparatus  designed  by  the  writer  which  give  uniform 
and  rational  results  heretofore  obtained  through  more  tedious  opera- 
tions. 

3  In  order  to  determine  the  heating  value  of  a  gas  it  is  necessary  to 
utilize  all  the  heat  of  combustion  in  doing  tangible  work  which  can  be 
measured  without  error  or  loss.  The  heat  of  combustion  of  a  meas- 
ured quantity  of  gas  is  used  to  raise  the  temperature  of  water;  and  the 
quantity  of  water,  the  rise  in  temperature,  and  the  volume  of  gas  are 
the  three  factors  necessary  to  get  its  calorific  value. 

4  In  order  to  prevent  a  possible  error  through  radiation,  the 
temperature  of  the  gas,  surrounding  air,  inlet  water,  and  exhaust 
products,  should  be  practically  the  same;  then  if  the  loss  of  heat  by 
radiation  from  the  water  whose  temperature  is  rising  is  obviated, 
reasonable  results  are  possible. 

5  Junker  and  other  similar  calorimeters  give  excellent  results 
with  skilled  operators,  but  the  accuracy  of  the  data  obtained  from 
them  depends  largely  on  the  personal  equation  of  the  operator.  In 
the  apparatus  used  by  the  writer  greater  simplicity  of  manipulation 
has  been  obtained  by  making  the  instruments  as  nearly  automatic  as 
possible.  Temperatures  are  read  in  degrees  f  ahrenheit  instead  of  cen- 
tigrade and  the  outlet  of  water  is  weighetl  instead  of  being  measured, 
making  it  possible  to  read  directly  B.t.u.  without  previous  transforma- 
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FIG.  1    DETAIL  OF  SARGENT  GAS  CALORIMETER 
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tion.  When  the  needle  of  the  meter  passes  the  zero  point  the  water 
being  weighed  is  automatically  switched  from  the  full  to  the  empty 
receptacle  designed  to  receive  it.  By  these  means  one  operator  can 
get  more  uniform  results  and  get  them  oftener,  than  two  operators 
working  in  the  old  way. 

6  In  the  apparatus  used  by  the  writer,  the  inlet  water,  the  tem- 
perature of  which  should  be  practically  that  of  the  surrounding  air, 
envelops  the  whole  calorimeter,  thereby  carrying  in  the  heat  which  it 
might  absorb  from  the  water  whose  temperature  is  rising. 

7  Fig.  1  shows  a  section  of  a  calorimeter  in  which  the  inlet 
water,  having  a  constant  head  at  the  cistern  E,  the  temperature  of 
which  is  taken  at  C,  envelops  the  whole  instrument  and  passes  through 
in  the  direction  of  the  arrows  — >-,  and  the  rise  in  temperature  is  taken 
by  the  thermometer  at  D  before  any  heat  is  lost  by  radiation  to  the 
air.  The  combustion  of  gas  takes  place  in  the  central  flue  and  the 
products  of  combustion  pass  to  the  top  and  down  the  annular  cham- 
bers in  the  directionof  the  arrows  M-^,  reaching  the  temperature  of  the 
water  before  passing  out  at  B,  where  a  damper  regulates  the  velocity 
and  the  thermometer  gives  the  temperature  of  the  exhaust  products. 

8  The  calorimeter  should  be  operated  in  a  closed  room  free  from 
air  currents  which  disturb  the  equilibrium  and  vitiate  results.  Even 
with  the  most  perfect  conditions,  errors  from  observation  or  conver- 
sion are  possible.  When  British  thermal  units  are  desired,  as  is  the 
case  in  most  English  speaking  countries,  and  centigrade  thermometers 
are  used,  mistakes  are  sometimes  made  in  transformation.  As  a 
degree  fahrenheit  is  |  of  a  degree  centigrade,  when  both  are  divided 
into  tenths,  the  fahrenheit  thermometer  will  give  nearly  twice  as  close 
a  reading  as  the  centigrade  instrument. 

9  When  the  outlet  water  is  measured  in  graduated  beakers,  it  must 
be  changed  from  cu.cm.  to  pounds.  The  varying  meniscus,  the  possi- 
bility of  the  beakers  being  out  of  level ,  and  the  temperature  of  the  water 
are  elements  of  error  possible  when  the  outlet  water  is  measured.  By 
weighing  the  discharged  water  and  using  fahrenheit  thermometers, 
no  transformation  from  cu.  cm.  to  grams,  from  centigrade  to  fahr- 
enheit, or  from  calories  to  B.t.u.  are  necessary,  Readings  are  direct 
in  B.t.u.  and  errors  of  transformation  and  the  mysteries  of  metric 
measurements  are  entirely  eliminated. 

10  One  of  the  greatest  errors  in  determining  the  calorific  value  of  a 
gas  arises  when  the  operator  attempts  to  switch  the  outlet  water  from 
one  receptacle  to  another  after  a  certain  quantity  of  gas  has  been 
burned.  To  eliminate  this  "personal  error"  the  automatic  dumping 
bucket,  shown  in  Fig.  1  and  2,  was  designed.     This  bucket  is  held  in 
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position  by  the  keeper  H  and  spring  J.  The  weight  of  the  water  on 
the  full  side  tends  to  oscillate  the  bucket  so  that  the  water  will  flow 
into  the  empty  side  and  through  another  outlet  to  the  empty  recep- 
tacle. When  the  test  meter  needle  passes  the  zero  point  (behind  the 
binding  post,  Fig.  2)  an  electrical  circuit  is  completed,  which,  passing 
through  the  solenoid,  Fig.  1,  draws  down  the  keeper  Hand  allows  the 
outlet  water  to  change  automatically  from  the  full  to  the  empty  pail, 
Fig.  2. 


FIG.  2     EXTERIOR  VIEW  SARGENT  GAS  CALORIMETER 


1 1  With  such  a  device  the  personal  error  is  not  only  eliminated  but 
much  of  the  work  of  the  operator  is  done  automatically,  thereby  allow- 
ing him  more  time  for  observing  the  temperatures  and  weighing  the 
water  delivered.  By  switching  the  water  for  every  tenth  of  a  cubic 
foot  of  gas  burned,  observations  are  taken  about  every  four  minutes 
and  the  calorific  value  can  be  determined  for  the  preceding  test  before 
the  meter  needle  completes  its  next  rotation.  In  this  way  a  test  may 
continue  without  intermission  as  long  as  the  engine  is  in  operation,  or 
the  producer  is  furnishing  gas. 

12  Since  the  calorific   value  may  vary  in    illuminating    gases 
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during  the  conditions  of  manufacture,  in  producer  gas  with  varying 
feed  and  output,  and  in  natural  gases,  coniijig  from  different  wells, 
which  are  often  mixed  with  illuminating  or  water  gas  to  keep  up 
the  pressure  when  the  demand  in  large  cities  during  zero  weather 
exceeds  the  supply,  short  runs  but  continuous  determinations  are 
necessary  for  satisfactory  and  rational  results. 


|^>^^  Q/7S /'^£-7-£:^ 


FIG.  3     DETAIL  OF  FLOW  OF  GAS  IN  SARGENT.  DUST  DETERMINATOR 


13  If  the  thermal  efficiency  of  an  engine  is  desired,  the  calorific 
value  of  the  meter  gas  only  is  necessary,  but  for  the  sake  of  compari- 
son, the  British  thermal  units  are  usually  given  in  cubic  feet  of 
standard  gas.  The  book  of  tables  compiled  by  Professor  McFarland, 
Member  of  the  Society,  enables  the  operator  to  change  meter  gas  to 
standard  gas,  merely  by  knowing  the  temperature,  pressure,  and 
barometer  readings.  With  fahrenheit  thermometers,  scales  weighing 
to  hundredths  of  a  pound,  tables  reducing  meter  gas  to  standard  gas, 
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and  automatic  devices  not  only  to  do  a  great  deal  of  the  operator's 
work  but  to  eliminate  the  error  which  necessarily  arises  under  hand 
manipulation,  the  determination  of  the  heat  units  of  any  gas  by  the 
calorimeter  becomes  a  simple  matter. 

14     In  testing  producer  gas  below  atmospheric  pressure  it  is  usual 
to  raise  the   pressure  with  a  water  ej6ctor,  but  as  this  may  add 


FIG.  4  EXTERIOR  VIEW  OF  DUST  DETERMINATOR 

more  or  less  water  to  the  gas,  the  pressure  is  preferably  raised  with  an 
electric  or  hydraulic  driven  centrifugal  fan,  as  no  moisture  is  added  to 
the  gas  by  this  method. 

15  When  testing  gas  that  has  been  washed  and  dried  to  determine 
the  efficiency  of  the  drier,  the  gas  is  passed  through  a  condenser  to  re- 
duce its  temperature,  or  through  calcium  chlorid  bottles  to  absorb  the 
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moisture,  or  through  both,  as  the  conditions  demand.  By  weighing 
the  bottles  and  the  calcium  before  and  after  and  knowing  the  cubic 
feet  of  gas,  the  percentage  of  moisture  is  readily  obtained. 

16  When  the  efficiency  of  the  gas  washers  is  required,  i.e.,  the 
grains  of  dust  per  cubic  foot  in  the  washed  gas,  at  the  same  time  the 
calorific  value  is  determined,  the  gas  is  passed  through  a  filter  paper , 
the  holder  of  which  is  shown  in  section  in  Fig.  3,  which  retains  every 
particle  of  dust,  as  is  proved  by  letting  the  gas  pass  through  two  filter 
papers  in  series,  the  second  of  which  remains  white  and  does  not 
increase  in  weight. 

17  When  gas  is  tested  for  dust  and  moisture  only,  a  self-contained 
outfit.  Fig.  4,  provides  for  continuous  determinations.  The  gas  passes 
through  a  filter,  condenser,  calcium  chlorid  bottles,  and  test  meter, 
and  while  the  accumulations  of  dust  on  one  filter  paper  are  being 
weighed,  gas  is  passing  through  the  other.  In  this  way  a  continuous 
record  of  the  dust  in  blast  furnace  gas  is  obtained  and  the  efficien- 
cies of  the  working  apparatus  maintained. 

18  The  caJorimeter  complete,  as  used  by  the  author,  consists 
(Fig.  2)  of  a  test  meter,  which  reads  in  cubic  feet — one  revolution  of 
the  pointer  of  which  measures  1/10  of  a  cubic  foot — gas  thermometer, 
pressure  gage,  one  pressure  regulator  with  micrometer  adjustment, 
one  Bunsen  burner,  and  one  calorimeter  proper  with  inlet,  outlet,  and 
exhaust  products  thermometers  graduated  in  tenth  of  degrees  fahr- 
enheit,  automatic  dumping  bucket,  dry  batteries,  balanced  copper 
pails,  and  decimal  platform  scales.  When  gas  is  tested  for  solid 
matter  at  the  same  time  its  calorific  value  is  determined,  the  tar,  mois- 
ture, and  dust  extractors  as  shown  on  the  right  are  used. 

19  As  the  products  of  combustion  are  saturated,  the  gas  and  air 
should  be  saturated  if  the  net  amount  of  hydrogen  in  the  gas  is  desired. 

20  In  determining  the  calorific  value  of  metered  gas,  no  corrections 
for  pressure  and  temperature  are  made  and  the  results  would  be 
recorded  as  follows: 


LOG 
Date,  Aug.  14,  1906.  Kind  of  Gas,  Natural,  ForK.  C,  B.  &  N.  Co.  at  K.  C.  Mo. 


TIME 

TEMPERATURE  DEG. 

FAHR. 

CU.  FT. 
GAS 

LBS. 
WATER 

P.M. 

H20-IN 

H20-0X'T 

DIF. 

GAS 

AIR 

EXHAUST 

1:30 
1:34 
1:38 

62.5 
62.5 
62.6 

72. 

72. 
72.1 

9.5 
9.5 
9.5 

62 
62 
62 

62 

62 
62 

62.1 
62.0 
62.1 

.1 
.1 
.1 

8.91 

8.93 
8.90 

846.45 
848.35 
845.5 

Average   62.533 

72.0.33      9.5           62 

62 

62.06 

.1 

8.913 

846.76 

21     In  this  case  1/10  of  a  cubic  foot  of  gas  is  burned  every  four  min- 
utes and  the  B.t.u.  are  determined  for  every  tenth  of  a  foot  consumed. 
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In  like  manner  the  log  may  be  continued  indefinitely  or  as  long  as  an 
engine  test  may  last. 

22  As  the  temperature  of  the  gas,  air,  and  exhaust  products 
should  be  practically  constant  and  as  these  temperatures  are  not  used 
in  the  calculations,  a  record  for  each  reading  is  seldom  taken.  Often 
these  temperatures  are  noted  only  under  remarks  or  at  the  beginning 
of  the  log,  which  simplifies  the  work  and  allows  room  for  reducing  the 
metered  gas  to  standard  gas  during  the  observations.  When  such 
results  are  desired  the  log  would  be  as  follows: 


Date G  as  . 


.Fob. 


.At  . 


TEMPERATURE  DEC.   FAHR. 

I                                       PRESSURES 

ROOM              1                GAS 

EXHAUST 

BAROMETER 

GAS 

Start 
Finish 

60 
61 

60 
60 

61 

60 

28.854 
28.854 

.5 
.5 

TIME 

HjO-IN 

H20-OUT 

DIF. 

LBS.  ■« 

CU.  FT.  GAS 

B.  T.  U.  PER  CU.  FT. 

METERED 

STANDARD 

METERED  i  STANDARD 

3.25 
3.28 
3.32 

60.5 
60.5 
60.5 

69.8 
69.9 
69.9 

9.3 
9.4 
9.4 

9.5 

9.5 
9.48 

.1 
.1 
.1 

.09704 

.09704 
.09704 

883.5 
893.0 
891.1 

910.4 
920.2 
918.3 

Average      60.5  69.86         9.36 


9.49 


.09704 


889.0 


916.3 


23  From  the  barometer  readings,  28.854  in  the  above  log,  we  add 
0.037,  the  pressure  of  i"  water  in  mercury,  making  the  absolute  pres- 
sure of  the  gas,  28.9  and,  from  the  tables  above  referred  to  for  gas 
at  30  in.  of  mercury  and  62  degrees  fahr.,wefind  the  constant  to  be 
0.9704,  which,  divided  into  the  B.t.u.  of  metered  gas,  gives -the  B.t.u. 
of  standard  gas. 

24  The  B.t.u.  obtained  are  the  total  or  high  value  of  the  gas.  As 
the  exhaust  products  of  a  gas  engine  are  hotter  than  boiling  water  and 
the  products  of  combustion  of  the  hydrogen  and  oxygen  are  in  the' 
form  of  steam,  the  latent  heat  of  the  steam  in  the  products  of  com- 
bustion must  be  subtracted  from  the  total  B.t.u.  to  get  the  low  or 
available  value. 

25  As  the  latent  heat  of  steam  is  966.6  B.t.u.  per  pound  and  as 
the  condensed  water,  which  is  cooled  down  to  the  temperature  of  the 
exhaust  products,  absorbs  this  additional  amount  of  heat,  the  available 
heat  in  the  gas  equals  the  difference  between  the  high  value  and  the 
B.t.u.  represented  by  the  pounds  of  steam  condensed  times  the  latent 
heat  of  steam  plus  the  difference  between  212  deg.  and  the  tempera- 
ture of  the  exhaust  products. 

26  As  soon  as  the  dripping  of  the  water  coming  out  with  the 
products  of  combustion  is  uniform,  the  test  for  the  low  value  can  be 
started  and  run  while  the  high  value  is  being  obtained.     From  one  to 
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three  feet  of  gas  are  burned  before  condensed  water  is  weighed  and 
the  difference  between  the  high  and  low  value  is  ascertained. 

27  If  during  these  determinations  of  the  heating  value  of  a  gas 
showing  an  average  of  960B.t.u.  per  cubic  foot,  three  cubic  feet  of  gas 
are  burned  and  there  is  collected  0. 15  pound  of  water,  and  the  tem- 
perature of  the  exhaust  gases  is  60  degrees  fahr.,  the  hydrogen  pro- 
ducts would  be 

(966.6 +  (212 -60)  152Jx  .15 

^ ^ =  55.9  B.t.u. 

which  subtracted  from  the  high  value  (960-55.9)  gives  904.1  B.t.u., 
the  available  heat  in  the  gas  when  used  in  an  engine  whose  exhaust 
is  hotter  than  212  degrees  fahr. 

28  The  percentage  of  dust  per  cubic  foot  is  determined  as 
follows:  The  filter  paper  is  dried  and  weighed  and  after  several  feet 
of  gas  have  passed  through,  it  is  again  dried  and  weighed  and  the 
grains  per  cubic  foot  are  determined. 

29  In  conclusion,  the  author  finds  that  the  analysis  of  gases  for 
their  B.t.u.,  dust,  and  moisture  is  greatly  facilitated, 

a  By  enveloping  the  water  whose  temperature  is  rising  with 
the  inlet  water  to  prevent  radiation. 

6  By  using  fahrenheit  thermometers  graduated  in  tenth 
degrees. 

c  By  making  frequent  but  continuous  determinations  when  test- 
ing gases  whose  calorific  value  varies. 

d  By  having  the  water  automatically  switched  from  one  recep- 
tacle to  another  when  a  tenth  of  a  foot  of  gas  is  burned. 

e  By  weighing  the  heated  water  on  decimal  scales  in  balanced 
buckets  rather  than  measuring  it  in  graduated  beakers. 

/  By  using  filter  papers  to  strain  out  the  dust  in  preference 
to  cotton  filled  tubes. 


No.  1139 

DEDICATORY  EXERCISES  OF  THE  ENGINEER- 
ING SOCIETIES  BUILDING 

PROGRAM 
First  Day,  Tuesday,  April  16,  1907 

Dedicatory  Exercises 
At  3  P.  M. 

Music.  Largo,  Handel.     The  Richard  Arnold  Double  Sextette. 

Opening  by  Charles  Wallace  Hunt,  Past  President  A.  S.  M.  E.,  Presiding  Officer. 
The  first  use  as  a  gavel  of  the  setting  maul  employed  by  Mrs.  Carnegie 
in  laying  the  corner  stone  of  the  building. 

Prayer  by  Rev.  Edward  Everett  Hale,  D.D.,  Chaplain  U.  S.  Senate. 

Communications  from  The  President  of  the  United  States;  The  President  of  the 
Republic  of  Mexico;     The  Governor  General  of  Canada. 

Historical  Address  by  Charles  F.  Scott,  Chairman  of  the  Building  Committee. 

Acceptance  of  the  Building  by  E.  E.  Olcott,  President  of  the  United  Engineering 
Society,  representing  The  Founder  Societies. 

Address  by  Andrew  Carnegie,  Donor  of  the  Building. 

Music.     Traumerei,  Schumann.     Cello  Solo,  Kronold 

Oration  by  Arthur  T.  Hadley,  President  of  Yale  University, 

"The  Professional  Ideals  of  the  Twentieth  Century." 

Music.     Hallelujah  Chorus,  Handel. 

Formal  Dedication  of  Building. 

Adjournment. 
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Reception 

9:00  p.  M  TO  10:30  p.  m. — General  Reception  in  the  Main  Auditorium. 
10:00  p.  M. — Reception  by  tlie  Officers  and  Councils  of  the  Founder  Societies  in 
their  respective  Headquarters. 

American  Institute  of  Mining  Engineers — Ninth  floor 
American  Institute  of  Electrical  Engineers — Tenth  floor 
The  American  Society  of  Mechanical  Engineers — Eleventh  floor 

Refreshments  were  served  during  tlie  evening  on  the  fifth  floor. 
Music  in  Main  Auditorium,  Fifth  and  Library  floors. 


Second  Day,  Wednesday,  April  17,  1907 

Dedicatory  Exercises 
At  2.30  P.  M. 

Introduction  by  John  W.  Lieb,  Jr.,  Chairman  of  Dedication  Committee. 

Addresses  by  Presidents  of  Founder  Societies: 

Samuel  Sheldon,  President,  American  Institute  of  Electrical  Engineers. 
F.  R.  Hutton,  President,  The  American  Society  of  Mechanical  Engi- 
neers. 
John  Hays  Hammond,  President,  American  Institute  of  Mining  Engi- 
neers. 
T.  C.  Martin,  President,  The  Engineers'  Club. 

Greetings  and  Felicitations  from  Foreign  and  National  Scientific  Societies  and 
Institutions  of  Learning. 

Address   by    James   Douglas,   Past    President,   American    Institute   of    Mining 
Engineers. 

Presentation  of  the  John  Fritz  Gold  Medal  to  Alexander  Graham  BeU,  Past  Presi- 
dent, American  Institute  of  Electrical  Engineers.  (By  Charles  F.  Scott, 
Chairman,  John  Fritz  Medal  Board  of  Award.) 

Presentation  of  Commemorative  Medals  for  Distinguished  Services  to  R.  W. 
Pope,  Secretary,  A.  I.  E.  E.;  F.  R.  Hutton,  Past  Secretary,  A.  S.  M.  E.; 
Rossiter  W.  Raymond,  Secretary,  A.  I.  M.  E.  (By  A.  R.  Ledoux, 
Past  President,  A.  I.  M.  E.,  representing  the  tliree  Societies.) 


dedication  engineering  societies  building  53 

Professional  Sessions  of  Founder  Societies 

Monday,  April  16,  8.16  P.  M. 

Special  meeting  of  the  American  Institute  of  Electrical  Engineers  in  Main 
Auditorium  presided  over  by  Sir  W.  H.  Preece,  K.  C.  B.,  F.  R.  S.,  Past  President 
and  Representative  of  the  Institution  of  Electrical  Engineers  of  Great  Britain. 

Paper  by  Louis  M.  Potts  on  the  Rowland  Telegraphic  System  and  its  Appa- 
ratus. 

Thursday,  April  18,  2  P.  M. 

Meeting  of  the  American  Institute  of  Mining  Engineers  in  the  Main  Auditorium. 

Illustrated  paper  by  H.  T.  Hildage  on  Mining  Engineering  Operations  in  New 
York  City  and  vicinity,  descriptive  of  the  excavation  and  tunnel  work  now  in 
progress  in  Greater  New  York. 

Thursday,  April  18,  8  P.  M. 

Meeting  of  The  American  Society  of  Mechanical  Engineers  in  the  Main  Audito- 
rium. Paper  by  Brig.  Gen.  W.  Crozier,  U.  S.  A.,  on  "The  Ordnance  Department  as 
an  Engineering  Organization." 

Friday,  April  19,  8  P.  M. 

Informal  Smoker  and  Vaudeville,  Madison  Square  Garden  Concert  Hall,  under 
the  management  of  the  American  Institute  of  Mining  Engineers  for  the  members 
of  the  three  Founder  Societies. 

All  engineers  visiting  or  residing  in  New  York  were  cordially  invited  to  partici- 
pate in  the  special  exercises  of  the  Founder  Societies  during  Dedication  Week. 

Full  programs  were  issued  by  each  Society  as  to  its  special  functions  of  the 
week. 


ACCOUNT   OF   THE   DEDICATION   OF    THE 
ENGINEERING   SOCIETIES   BUILDING^ 

The  Dedicatory  Exercises  of  the  Engineering  Societies  Building 
were  held  on  Tuesday  and  Wednesday,  April  16  and  17,  1907. 

The  opening  exercises  were  presided  over  by  Charles  Wallace 
Hunt,  Past  President  of  this  Society  and  a  Trustee  of  the  United 
Engineering  Society.  In  calling  the  meeting  to  order,  he  employed 
for  the  first  time  as  a  gavel  the  setting  maul  which  Mrs.  Andrew 
Carnegie  used  upon  the  occasion  of  the  laying  of  the  corner  stone  of 
the  Engineering  Societies  Building.  He  called  attention  to  her 
gracious  act  which  placed  the  implement  in  the  hands  of  the  Engineer- 
ing Societies  to  be  used  thenceforth  by  the  presiding  officers  at  the 
meetings  held  in  the  auditorium. 

The  opening  remarks  of  Mr.  Hunt  were  followed  by  a  pra3'er  offered 
by  the  Rev.  Edward  Everett  Hale,  D.D.,  Chaplain  of  the  United 
States  Senate,  closing  with  the  Lord's  Prayer,  in  which  the  audience 
joined. 

Congratulatory  messages  were  read  from  the  President  of  the 
United  States,  the  President  of  the  Republic  of  Mexico,  The  Governor- 
General  of  Canada,  Der  Verein  deutscher  Ingenieure,  La  Societe 
Beige  des  Electriciens,  The  Society  of  Marine  Architects,  Berlin; 
The  Royal  Office  for  Examining  Materials,  Berlin ;  ^''erein  zur  Bef orde- 
rung  des  Gewerbfleisses,  Associazione  Elettrotecnica  Italiana,  Milan; 
The  Royal  Academy  of  the  Lincei,  Rome;  The  Board  of  the  Konin- 
klijk  Instituut  von  Ingenieurs,  Gravenhage;  The  Colorado  Scientific 
Society;  The  Western  Association  of  Technical  Chemists  and  Metal- 
lurgists; The  Society  of  Beaux  Arts  Architects;  Columbia  University; 
The  Thomas  S.  Clarkson  Memorial  School  of  Technology;  The 
Smithsonian  Institution;  The  University  of  Pennsylvania;  The 
State  University  and  School  of  Mines  of  North  Dakota;  Stevens 
Institute  of  Technology  and  the  University  of  Michigan. 

1  This  account  of  the  Dedication  of  the  Engineering  Societies  Building  is  merely 
an  abstract.  The  complete  record  of  the  event  was  published  in  Proceedings, 
vol.  28,  no.  9  and  10,  and  wUl  appear  in  the  Dedication  Memorial  Volume  to  be 
published  by  the  United  Engineering  Society. 
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Several  messages  were  received  from  individuals,  among  whom 
were,  Lord  Kelvin,  Mr.  Charles  Haynes  Haswell,  Mr.  Emil  Swenson, 
Director  of  the  American  Society  of  Civil  Engineers,  Sig.  Ing.  Guido 
Semenza,  Sig.  Prof.  Guiseppe  Colombo,  Scnatore  del  Regno,  MM. 
H.  LeChatelier,  Victor  Belugou,  Principal  Engineer  of  Posts  and 
Telegraphs,  Paris,  France;  Sir  James  Kitson  and  Sig.  Ing.  Spagnoletti. 

Mr.  Hunt  gave  an  interesting  sketch  of  the  first  efforts  to  secure 
funds  for  a  building.  The  germ  of  the  idea  was  contained  in  an 
address  made  by  Charles  F.  Scott,  then  President  of  the  American 
Institute  of  Electrical  Engineers,  in  which  he  voiced  the  hopes  of  the 
progressive  engineers  who  had  so  long  worked  in  various  ways  toward 
a  common  end:  he  drew  a  word  picture  of  a  building,  the  "Capitol 
of  American  Engineering,"  which  should  contain  assembly  halls 
and  a  great  technical  library,  and  be  the  abode  of  the  national  and 
all  Engineering  Societies.  The  keynote  of  this  address  and  of  the 
addresses  at  the  dinner  known  as  the  Library  Dinner  given  by  the 
American  Institute  of  Electrical  Engineers,  at  which  Mr.  Carnegie 
was  the  guest  of  honor,  was  cooperative  work  among  the  Engineering 
Societies. 

CHARLES    F.    SCOTT 

The  address  by  Charles  F.  Scott,  Chairman  of  the  Joint  Confer- 
ence and  Building  Committee,  dealt  with  the  history  of  Mr.  Car- 
negie's gift  from  the  informal  meeting  of  Messrs.  John  Fritz,  John 
C.  Kafer,  William  A.  Redding,  Calvin  W.  Rice,  Charles  F.  Scott  and 
John  Thomson  for  the  discussion  of  the  project  with  Mr.  Carnegie, 
to  the  completion  of  the  building. 

On  February  14,  1903,  Mr.  Carnegie  stated  he  would  give  one 
million  dollars  for  the  erection  of  a  building  for  the  Engineering 
Societies  and  The  Engineers'  Club,  designating  as  the  direct  recipients 
of  the  gift,  the  American  Institute  of  Mining  Engineers,  The  American 
Society  of  Mechanical  Engineers,  the  American  Institute  of  Electrical 
Engineers  and  The  Engineers'  Club.  At  a  later  date  he  generously 
increased  the  gift  to  one  and  a  half  million. 

Mr.  Scott  further  sketched  the  difficulties  which  confronted 
the  Committee;  first  in  designing  a  building  for  which  there  existed 
no  precedent,  and  in  making  that  design  meet,  to  the  largest  advan- 
tage, the  professional  as  well  as  the  social  needs  of  the  Societies, 
keeping  before  them  always  the  ideal  which  Mr.  Carnegie  had  in 
mind  in  bestowing  the  magnificent  gift — that  "cooperation  is  the 
keynote  of  success  and  the  harmonizing  feature  which  counts  for 
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everything  in  the  progress  of  any  great  movement,  political,  social  or 
scientific." 

Mr.  Scott  said  that  engineering  societies  are  the  expression  of 
engineering  forces,  and  engineering  forces  are  fundamental  to  the 
achievements  of  our  age.  The  engineer  has  been  foremost  in  bringing 
about  our  present  civilization,  and  to  him  new  and  larger  problems 
are  continually  presented.  These  increasing  responsibilities  demand 
that  the  most  efficient  methods  be  found  through  the  interchange 
of  knowledge  and  experience.  The  engineering  society  has  become 
the  clearing  house  for  knowledge  and  experience,  and  herein  is 
the  great  purpose  of  this  building,  the  significance  of  which  is  not 
in  the  past,  nor  in  the  present,  but  in  the  future;  and  the  work  we 
here  inaugurate  is  the  beginning  of  a  new  era  in  engineering. 

CHARLES    WALLACE    HUNT 

Mr.  Hunt  acknowledged  the  indebtedness  of  the  Founder  Societies 
to  the  architects  of  the  building,  and  in  delivering  the  key  to  E. 
E.  Olcott,  President  of  the  Trustees  of  the  United  Engineering 
Society,  he  expressed  the  satisfaction  of  the  three  Societies  that  in 
the  design  and  erection  of  the  building  no  difficulties  arose  between 
the  Committee  and  its  architects  or  builders  and  expressed  the  wish 
that  under  the  care  of  the  Trustees  the  library  would  develop  into 
one  of  worldwide  influence  and  its  resources  be  freely  extended  to 
all;  that  the  home  of  engineering  would  ever  be  freely  open  to  what- 
ever will  bring  power,  aspirations,  nobler  ideals,  or  more  fruitful 
lives  to  the  generations  of  men  to  come. 

E.    E.    OLCOTT 

In  receiving  the  key  Mr.  Olcott,  as  President  of  the  Trustees  of  the 
United  Engineering  Society,  voiced  the  feeling  of  the  members 
when  he  said  that  the  three  societies,  retaining  their  individuality, 
but  forming  one  grand  enduring  whole,  after  the  manner  of  the  federa- 
tion of  our  States — stand  united,  but  individual.  The  symbol  of  the 
new  building  and  its  aim  is  freedom,  cooperation,  and  the  open-door. 

ANDREW    CARNEGIE 

Mr.  Carnegie  made  a  short  address  in  which  he  expressed  his 
pleasure  in  the  beauty  of  the  structure,  the  plans  of  the  architects, 
which  were  in  accordance  with  his  ideas  of  what  the  building  should 
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be,  and  the  spirit  with  which  the  societies,  architects,  engineers  and 
builders  had  worked  together  toward  the  consummation  of  the  ideas 
and  plans  evolved.  He  emphasized  the  value  of  cooperation, 
pointing  out  that  whenever  men  coalesce  to  do  some  good  work,  a 
unification  and  consolidation  takes  place.  His  optimistic  view  of 
human  progress  was  shown  in  his  remark  that  quite  apart  from 
whatever  evil  exists,  there  is  this  principle  of  improvement  inherent 
in  us:  today  is  better  than  yesterday,  and  tomorrow  will  be  better 
than  today.  Mr.  Carnegie  said  that  one  of  the  advantages  which  the 
American  has  over  the  man  of  any  other  country  lies  in  his  ability 
and  disposition  for  co5peration,  due  to  our  political  institutions  which 
make  every  man  the  peer  of  any  other  man,  every  man's  privilege 
any  other  man's  right. 

ARTHUR    TWINING    HADLEY 

"The  Professional  Ideals  of  the  Twentieth  Century"  was  the 
subject  of  an  address  by  Dr.  Arthur  Twining  Hadley,  President  of  Yale 
University.  He  said  in  part  that  the  really  important  history  of  a 
nation  is  the  development  of  its  ideals  and  standards.  The  specific 
things  that  it  does  are  important,  not  so  much  for  their  own  sake, 
as  for  the  sake  of  the  evidence  they  give  as  to  the  trend  of  the  nation's 
thought.  In  the  history  of  engineering  progress  it  is  the  thoughts 
of  the  successive  builders  and  the  influence  of  that  thought  upon 
the  conduct  and  ideals  of  other  men  that  we  care  about.  That 
which  helps  us  to  understand  the  past  and  inspires  us  with  hope  for 
the  future  is  the  story  of  men  who  did  things — their  struggles  and 
their  discoveries,  their  trials  and  their  successes. 

A  hundred  years  ago  engineering  was  but  a  subordinate  branch 
of  the  military  art,  but  has  become  today  a  dominant  factor  in  the 
practice  of  every  art  where  power  is  to  be  applied  with  economy 
and  intelligence.  A  building  like  this  is  therefore  a  symbol  of  all 
that  is  most  distinctive  in  the  thought  of  the  century  that  has 
gone  by.  A  hundred  years  ago  a  building  that  symbolized  the 
achievements  of  the  engineer  was  beyond  man's  dreams,  because  the 
world  at  large  had  neither  felt  the  need  of  his  work  nor  dreamed 
how  soon  it  would  be  seeking  his  leadership. 

But  a  large  part  of  the  professional  duty  of  the  enghieer  yet  remains 
to  be  accomplished.  This  is  a  clear  conception  of  the  public  service 
on  which  his  profession  is  based,  the  public  service  which  his  pro- 
fession can  render,  and  the  public  duty  which  its  members  owe. 
Two  distinct  standards,  the  technical  and  the  ethical,  must  be  com- 
bined in  order  to  secure  the  best  professional  services. 
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A  man  who  believes  that  he  is  hired  to  carry  out  another  man's 
ideas  can  never  claim  a  position  of  actual  leadership  but  remains  a 
paid  servant.  A  group  of  professional  men  who  regard  this  as  a 
proper  view  thereby  forfeit  a  claim  to  stand  in  the  first  rank  socially 
and  politically,  and  voluntarily  accept  a  position  of  the  second  rank. 

There  are  three  professions  today  which  do  not  regard  themselves 
as  servants,  but  as  masters — that  of  the  financier,  the  journalist  and 
the  politician.  If  the  engineer  and  the  lawyer  accept  positions  as  ser- 
vants, simply  putting  their  technical  knowledge  at  the  disposal  of 
merchant,  journalist  or  politician  who  will  pay  the  highest  price 
for  it,  it  is  not  simply  a  confession  of  inferiority — it  is  a  dereliction 
of  public  duty. 

We  celebrate  today,  and  we  are  justified  in  celebrating,  the  recog- 
nition of  science  as  a  necessary  guide  in  the  conduct  of  the  material 
affairs  of  each  man's  business.  Half  a  century  hence,  when  our 
descendants  shall  meet  in  this  building  or  some  greater  building, 
they  will  celebrate  a  yet  greater  thing — the  recognition  of  the  right 
of  men  of  science  to  take  the  lead  in  enlightening  the  thought  of  the 
people  on  public  affairs  and  the  responsibility  of  filling  the  highest 
positions  in  the  service  of  the  commonwealth. 

CHARLES   WALLACE  HUNT 

After  President  Hadley's  address,  Mr.  Hunt  declared  the  building 
of  the  Engineering  Societies  duly  dedicated  to  the  advancement  of 
the  engineering  arts  and  sciences  in  all  their  branches.  The  meeting 
was  adjourned. 

UNVEILING    A   BUST   OF   MR.    CARNEGIE 

At  the  close  of  the  Dedication  Exercises,  E.  E.  Olcott,  President 
of  the  United  Engineering  Society  and  a  small  party  of  ladies  and 
gentlemen  escorted  Mr.  and  Mrs.  Carnegie  to  the  Library  where  a 
bronze  bust  of  Mr.  Carnegie,  executed  by  Mrs.  Cadwalader  Guild, 
was  unveiled  by  the  withdrawal  of  a  flag  by  Mrs.  Carnegie.  It  was 
presented  by  the  Past  Presidents  of  the  Founder  Societies. 

Second   Day  of  Dedication 

On  Wednesday  afternoon,  April  17,  which  was  set  aside  as  Founders' 
Day,  the  Dedicatory  Exercises  were  continued,  when  John  W. 
Lieb,  Jr.,  Vice-President  of  this  Society  and  Past  President  of  the 
American  Institute  of  Electrical  Engineers,  presided. 
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The  meeting  was  held  under  the  auspices  of  the  Founder  Societies, 
the  American  Institute  of  Mining  Engineers,  The  American  Society 
of  Mechanical  Engineers  and  the  American  Institute  of  Electrical 
Engineers  for  the  purpose  of  receiving  the  greetings  and  felicitations 
of  foreign  and  national  engineering  societies  and  institutions  of 
learning  and  members  of  the  Founder  Societies  and  associate  societies. 

Mr.  Lieb  spoke  for  the  members  and  friends  of  the  Founder 
Societies  and  of  their  progress  which  made  it  possible  to  assume  the 
responsibility  for  the  land  upon  which  the  building  was  erected. 
He  spoke  of  the  magnificent  gifts  which  the  Founder  Societies  have 
received — in  some  cases  complete  and  valuable  libraries,  which  are 
the  nucleus  of  a  splendid  collection  of  engineering  literature  which 
will  undoubtedly  become  the  greatest  engineering  and  scientific 
library  in  America. 

He  acknowledged  the  splendid  work  of  the  Conference  and  Building 
Committee  which  was  effected  through  their  untiring  and  cooperative 
efforts,  anjd  on  behalf  of  the  Founder  Societies  extended  a  welcome 
to  the  representatives  of  the  Sister  Societies  and  institutions  of 
learning,  and  hearty  thanks  for  their  interest  in  the  dedication.  To 
the  representatives  of  the  Sister  Societies  from  abroad  he  extended 
the  hand  of  professional  fellowship  and  an  invitation  to  share  the 
festivities.  Mr.  Lieb  said  that  engineers  have  ever  been  leaders  in 
promoting  international  friendships,  and  by  their  international 
congresses  have  established  most  enduring  cordiality  of  relations 
between  large  bodies  of  influential  men,  separated  by  national 
boundaries  but  having  common  professional  ideals  and  the  same 
spirit  of  enlightened  progress.  The  engineering  societies  are  now 
enjoying,  through  the  generosity  of  Mr.  Carnegie  and  the  cooperation 
of  their  members  and  friends  the  realization  of  hopes  cherished  for 
years,  and  the  opening  of  this  building  opens  a  new  era  for  the  engi- 
neering profession  in  this  country.  He  said  that  the  new  facilities 
which  the  Societies  now  have  at  their  disposal  should  go  far  toward 
making  cooperation  among  the  various  branches  of  the  profession 
more  effective — securing  to  the  engineer  that  high  standing  in  the 
community  to  which  his  accomplishments,  both  literally  and  con- 
structively speaking,  justly  entitle  him.  Mr.  Lieb  expressed  the  hope 
that  the  new  building  would  prove  an  inspiration  for  the  highest 
professional  ideals,  to  the  increase  of  human  knowledge  and  to  the 
advancement  of  civilization. 
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ADDRESS  BY  THE  PRESIDENT  OF  THE  AMERICAN  INSTITUTE  OF 
ELECTRICAL  ENGINEERS 

Mr.  Lie!)  then  introduced  Dr.  Samuel  Sheldon,  President  of  the 
American  Institute  of  Electrical  Engineers,  who  spoke  on  behalf 
of  that  Societ}'.  Dr.  Sheldon  paid  a  tribute  to  the  simplicity, 
the  beauty  and  substantiality  of  the  new  edifice.  He  called  atten- 
tion to  the  membership  of  the  Founder  Societies,  and  stated  that,  at 
the  present  rate  of  growth,  in  1920  the  membership  of  the  three 
Founder  Societies  would  be  doubled.  He  spoke  especially  of  the 
extraordinary  growth  of  the  electrical  profession. 

ADDRESS    BY  THE    PRESIDENT    OF    THE    AMERICAN    SOCIETY    OF 
MECHANICAL   ENGINEERS 

Prof.  F.  R.  Hutton,  President,  responded  for  this  Society.  He 
stated  that  the  duty  of  the  mechanical  engineer  is  to  generate  or 
liberate  power  and  to  design  and  create  apparatus  for  the  broad  field 
of  manufacture.  He  pointed  out  the  value  of  the  engineer  to  the 
several  stages  of  production. 

Professor  Hutton  concluded  by  saying,  in  summing  up  his  remarks, 
"This  building  is  a  gift  to  favor  production  as  a  factor  in  creating 
wealth,  itself  an  antecedent  to  progress  in  art,  civilization,  culture, 
and  literature.  It  should  stand  in  its  city  as  a  monument  for  sound 
thinking  on  the  position  of  the  engineer  and  his  relation  to  wealth 
and  its  production  by  knowledge  and  by  skill  working  in  accordance 
with  natural  law,  and  therefore  for  the  significance  of  engineering 
education  as  favoring  such  sound  thought.  As  a  consequence  of 
these  the  community  as  a  whole,  as  well  as  the  organizations  directly 
benefited  by  the  building,  owe  a  debt  of  obligation  to  Mr.  Carnegie 
who  has  made  all  this  possible. 

ADDRESS    BY   THE    PRESIDENT   OF   THE    AMERICAN   INSTITUTE    OF 
MINING    ENGINEERS 

Dr.  John  Hays  Hammond,  President  of  the  American  Institute 
of  Mining  Engineers  said  that  this  is  unquestionably  the  era  of  the 
engineer  the  world  over,  and  especially  is  this  true  of  America.  To 
the  skill  of  her  engineers  in  the  exploitation  of  her  unparalleled 
resources  America  owes  her  recognized  preeminence  in  the  industrial 
world.  In  the  development  of  the  new  fields  of  industry  the  engineer 
has  played  a  conspicuous  part  and  has  contributed  his  labors  to  the 
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sum  of  achievements  in  the  advance  of  civilization:  he  said  that 
the  mining  engineer  is  the  pioneer  of  civihzation;  penetrating  the 
jungles  of  the  tropics  and  traversing  the  ever  frozen  North  in  the 
quest  for  gold,  he  has  sometimes  discovered  a  new  territory  for  human 
activity.  The  mining  engineer  recognizes  the  indispensable  cooper- 
ation of  his  confreres  and  extends  fraternal  congratulation  for  the 
common  success  in  the  wise  provisions  of  the  generous  donor  of  this 
clearing  house  of  engineering  information. 

OTHER   ADDRESSES 

Other  addresses  were  made  by  T.  Commerford  Martin,  President 
of  the  Engineers'  Club;  Sir  William  Henry  Preece,  representing  The 
Institution  of  Electrical  Engineers  of  Great  Britain;  Walter  C.  Kerr, 
representing  Cornell  University;  R.  A.  Hadfield,  President  of  the 
Iron  and  Steel  Institute;  Dr.  Frederick  Eichberg,  of  Der  Verband 
deutscher  Electrotechniker;  Dr.  John  Findlay  Wallace,  for  the 
American  Society  of  Civil  Engineers;  Dr.  Henry  S.  Pritchett,  Presi- 
dent of  the  Carnegie  Foundation  for  the  Advancement  of  Teaching; 
Mr,  Charles  Kirchhoff,  Der  Verein  deutscher  Eisenhiittenleute;  Mr. 
Carl  Hering,  La  Societe  Internationale  des  filectriciens  de  Paris; 
Leon  Gaster,  the  Faraday  Society  of  Great  Britain;  Mr.  John  W. 
Lieb,  Jr.,  the  Associazione  Elettrotecnica  Italiana  and  Societa 
degli  Ingegneri  ed  Architetti  Italiani;  Dr.  F.  S.  Archcnhold,  Direktor 
des  TreptowSternwarte;  Captain  W.  J.  Baxter,  U.  S.  N.,  President  of 
the  Society  of  Naval  Architects  and  Marine  Engineers. 

Mr.  Lieb  read  several  congratulatory  letters  and  telegrams,  among 
which  were  those  from  Lord  Kelvin,  Dr.  J.  H.  T.  Tudsbury,  Secre- 
tary of  the  Institution  of  Civil  Engineers  of  Great  Britain;  the  Council 
of  the  Institution  of  Mining  and  Metallurgy;  Directeur  du  Conserva- 
toire National  des  Arts  et  Metiers,  Paris;  The  International  Bureau 
of  Weights  and  Measures,  Sevres,  France;  the  Society  of  Marine 
Architects,  Berlin. 

CONFERRING  THE  JOHN  FRITZ  MEDAL  ON  DR.  ALEXANDER  GRAHAM  BELL 

The  John  Fritz  Medal  was  conferred  upon  Dr.  Alexander  Graham 
Bell  in  the  presence  of  the  distinguished  engineer  in  whose  honor 
loyal  and  admiring  friends  founded  the  medal,  to  be  awarded  for 
notable  scientific  or  industrial  achievement.  Mr.  Charles  F.  Scott 
as  the  Chairman  of  the  Board  presented  the  medal  to  Dr.  Bell  in 
recognition  of  his  invention  and  development  of  the  telephone.     He 
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spoke  of  the  significance  of  awarding  the  medal  upon  tho  eccasion 
of  the  dedication  of  the  building,  since  the  cooperative  movement  by 
which  the  National  Engineering  Societies  joined  in  founding  the 
medal  did  much  to  develop  the  sentiment  of  which  this  building  is 
the  outcome.  This  is  the  third  award  of  the  medal,  the  first  being 
in  1905  to  Lord  Kelvin  for  his  work  in  telegraphy  and  other  scientific 
achievements,  and  the  second  to  George  Westinghouse,  in  1906,  for 
his  invention  and  development  of  the  air  brake. 

CONFERRING  MEDALS  ON  THE  SECRETARIES  OF  THE  FOUNDER  SOCIETIES 

Distinguished  Service  Medals  were  presented  to  the  Secre- 
taries of  the  three  Societies — two  of  whom  had  served  for  twenty- 
three  years  and  the  third  for  twenty-two  years.  The  presentation 
address  was  made  by  Dr.  Albert  R.  Ledoux,  in  which  he  paid  a  tribute 
to  their  several  abilities,  their  qualifications  of  mind  and  heart  for 
the  positions  and  to  their  splendid  achievements  which  have  developed 
the  societies  during  their  official  incumbency  from  small  beginnings 
to  an  aggregation  of  nearly  12,000  members. 

SECRETARY  POPE 

In  a  short  outline  of  the  careers  of  each,  Dr.  Ledoux  said  of  Ralph 
Wainwright  Pope,  the  Secretary  of  the  American  Institute  of  Elec- 
trical Engineers,  that  he  was  born  August  16,  1844,  educated  in 
Great  Barrington  and  Amherst  College.  In  1859  he  entered  the 
service  of  the  Housatonic  Railroad,  and  during  the  Civil  War  was 
with  the  United  States  government  ser\'ice  as  expert  telegrapher. 
Later  he  was  connected  with  the  American  Telegraph  Co.,  the  New 
York,  New  Haven  and  Hartford  Railroad,  and  with  the  famous 
Collins  Overland  Telegraph  Expedition,  which  the  success  of  the 
Atlantic  Cable  prevented  from  establishing  connection  with  Europe 
across  the  wilds  of  British  Columbia,  Alaska  and  Siberia.  Subse- 
quently, Mr.  Pope  was  for  ten  years  in  the  service  of  the  Gold  and 
Stock  Telegraph  Company,  resigning  the  position  of  Deputy  Superin- 
tendent in  1883.  From  that  date  until  1888  he  was  actively  engaged 
in  editing  and  publishing  technical  electrical  papers  in  New  York. 
He  was  the  organizer  of  the  Telegraphers'  Protective  League  and  the 
Gold  and  Stock  Life  Insurance  Association.  He  is  a  member  of  the 
New  York  Electrical  Society,  and  Honorary  Member  of  the  Franklin 
Institute.     In  1887  he  began  devoting  his  entire  time  to  the  duties 
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of  Secretary  of  the  Institute,  and  has  been  reelected  without  oppo- 
sition twenty-two  times,  an  evidence  in  itself  of  the  appreciation  of 
his  services. 

SECRETARY   HUTTON 

Dr.  Ledoux  said  of  Professor  Frederick  Remsen  Hutton:  Dr. 
Hutton  was  born  in  New  York,  May  28,  1853;  he  received  from  Col- 
umbia the  degrees  of  A.B.  in  1873,  M.E.  in  1876,  Ph.D.  in  1882,  and 
Sc.D.  in  1904.  For  many  years  lie  has  been  connected  with  Columbia 
as  student  instructor  in  Mechanical  Engineering;  was  appointed 
Adjunct  Professor  in  1881;  Professor  in  1890,  and  was  Dean  of  the 
Faculty  of  Applied  Science  for  many  years.  At  Columbia  he  built  up 
the  most  complete  mechanical  laboratory  possessed  by  any  technical 
school.  Among  his  many  duties  he  found  time  for  advancing  the 
interests  of  The  American  Society  of  Mechanical  Engineers,  for  serv- 
ing as  school  trustee,  for  acting  as  editor  of  the  Engineering  Mag- 
azine and  one  of  the  editors  of  Johnson's  Encyclopedia  and  Century 
Dictionary,  and  for  writing  works  on  mechanical  engineering,  power 
plants,  heat  engines,  machinists  tools,  the  gas  engine,  etc.  Professor 
Hutton  was  elected  to  the  office  of  Secretary  of  The  American  Society 
of  Mechanical  Engineers  in  1883,  and  was  reelected  for  twenty-three 
successive  years,  resigning  in  1906,  after  which  he  was  elected  to 
the  presidency.  Upon  the  formation  of  the  United  Engineering 
Society,  Professor  Hutton  was  made  a  trustee  and  a  member  of  the 
Joint  Conference  and  Building  Committee  which  had  charge  of  the 
design,  erection  and  maintenance  of  the  Engineering  Societies  Build- 
ing. 

SECRETARY   RAYMOND 

Dr.  Rossiter  Worthington  Raymond,  the  Secretary  of  the  American 
Institute  of  Mining  Engineers,  was  born  in  Cincinnati,  Ohio,  April  27, 
1840.  He  graduated  from  the  Brooklyn  Polytechnic  Institute  in 
1858,  and  later  took  courses  at  the  Universities  of  Heidelberg  and 
Munich,  and  entered  the  mining  academy  at  Freiburg,  Saxony. 
In  1861  he  enlisted  in  the  Union  Army,  and  in  1864  resigned  with  the 
rank  of  captain.  Since  that  date  Dr.  Raymond  has  practiced  as 
consulting  and  mining  engineer  and  metallurgist.  In  1867  be 
became  the  editor  of  the  American  Journal  of  Mining,  now  the  Engi- 
neering and  Mining  Journal.  In  1868  he  was  appointed  U.  S.  Commis- 
sioner of  Mining  Statistics.  A  few  years  afterward  he  became 
lecturer  in  economic  geology  at  Lafayette  College,  receiving  the 
honorary  degree  of  doctor  of  philosophy  in  1870,  and  from  Lehigh 


64  DEDICATION    ENGINEERING    SOCIETIES    BUILDING 

University  in  1906,  the  degree  of  doctor  of  laws.  In  1871,  upon  the 
estabhshment  of  the  American  Institute  of  Mining  Engineers,  Dr. 
Raymond  was  chosen  vice-president.  He  was  thrice  reelected 
president  and  was  made  secretary  in  1884,  since  which  time  he 
has  been  annually  reelected  the  executive  of  the  Institute.  He  has 
written  essays  upon  the  Mining  Laws  of  the  United  States  and  a 
history  of  mining  law,  published  by  the  United  States  Geological 
Survey.  He  has  given  lectures  on  mining  law  before  the  students  of 
the  school  of  mines  and  the  law  school  of  Columbia  University.  In 
1893  Dr.  Raymond  was  admitted  to  the  bar  of  the  Supreme  Court 
of  New  York.  State,  and  subsequently  to  the  Federal  Courts.  In 
1885  he  was  one  of  the  three  State  Commissioners  of  Electrical  Sub- 
ways of  the  City  of  Brooklyn,  and  for  many  years  was  its  secretary. 
He  prepared  the  final  report  which  is  still  quoted  as  one  of  the  most 
important  contributions  to  municipal  engineering.  For  twenty 
years  he  was  consulting  engineer  to  the  New  Jersey  Iron  and  Steel 
Company,  the  Trenton  Iron  Company,  and  others  of  the  mining  and 
metallurgical  corporations  controlled  by  the  firni  of  Cooper  and 
Hewitt.  He  is  the  author  of  articles  on  "Labor  and  Law,"  "Labor 
and  Liberty"  and  the  "Life  of  Peter  Cooper." 

THE   MEDALS 

Doctor  Ledoux  then  presented  to  the  three  Secretaries,  Mr.  Pope, 
Professor  Hutton  and  Doctor  Raymond,  the  medals  given  by  the  three 
"societies  to  their  respective  Secretaries.  They  were  designed  and 
executed  by  Victor  Brenner.  Upon  one  side  is  engraved  the  figure  of 
a  youth  holding  in  his  hand  a  tablet  representing  the  spirit  of  inven- 
tion and  research;  enveloping  him  is  a  cloud  of  steam  rising  from  a 
modern  locomotive,  typical  of  mechanical  engineering.  Above  appears 
the  top  of  a  blast  furnace.  Below  and  at  the  right  hand,  are  the 
emblems  of  the  Founder  Societies,  encircled  by  an  olive  wreath, 
while  opposite  is  a  view  of  the  Engineering  Societies  Building  with 
an  inscription  upon  which  is  engraved  the  date  of  the  dedication. 
Above  the  figure  are  suggestions  of  the  work  of  the  electrician  and 
miner  represented  in  the  one  by  a  high  tension  electric  line,  and  the 
other  by  a  man  operating  a  power  drill.  Upon  the  obverse  are 
inscribed  the  name  of  the  recipient  and^the  circumstances  of  the 
bestowal. 

Professor  Hutton  responded  in  behalf  of  the  recipients  of  the  medal, 
in  a  short  eloquent  address,  after  which  the  Chairman  declared  the 
Dedication  Exercises  of  the  Engineering  Societies  Building  closed. 
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THE   ORDNANCE  DEPARTMENT  AS  AN 
ENGINEERING  ORGANIZATION 

By  WILLIAM  CROZIER,  BRIGADIER-GENERAL,  CHIEF  OF 
ORDNANCE,  U.  S.  A. 

1  would  remind  you  of  Noah  Webster's  definition  of  engineering  as 
the  science  and  art  of  utilizing  the  forces  and  materials  of  nature.  It 
is  probable  that  not  many  who  are  familiar  with  the  science  which 
enters  into  the  subject  of  engineering  make  claim  to  the  title  of  engi- 
neer w^hich  is  not  justified,  by  reason  of  their  unfamiliarity  with  the 
practice  of  the  art.  I  think  it  can  be  said  that  there  is  no  disposition 
to  dispute  the  right  of  those  who  have  investigated  deeply  the  natural 
sciences,  without  which  engineering  would  be  merely  a  rule  of  thumb 
process,  to  take  rank  as  engineers;  but  at  what  stage  it  is  to  be  con- 
ceded that  those  who  practice  the  art,  commencing  with  the  me- 
chanics, advancing  to  the  foremen,  considering  also  the  superinten- 
dents, and  even  scrutinizing  somewhat  the  administrators,  are  to  be 
granted  the  right  to  call  themselves  engineers  is  not  quite  clear. 

2  The  creations  of  the  Ordnance  Department  with  which  you  are 
all  more  or  less  familiar,  either  through  inspection  or  through  descrip- 
tion and  illustration  in  the  daily  and  periodical  press,  attest  the  prac- 
tice of  the  art  of  engineering  construction,  and  men  who  are  familiar 
with  the  methods  by  which  results  of  magnitude  are  accomplished, 
know  well  that  powerful  engines,  and  strong  and  ponderous  but  deli- 
cate machines  are  not  produced  without  the  initial  application  of 
science  of  a  high  order.  There  is,  however,  little  opportunity  or 
temptation  for  those  who  are  engaged  in  civil  occupations,  even  for 
those  whose  profession  it  is  to  produce  structures  akin  to  the  works 
of  ordnance  constructors,  to  critically  examine  and  analyze  the 
mechanisms  which  are  manufactured  for  purposes  of  defense,  and  to 
form  an  estimate  of  the  degree  of  scientific  as  well  as  of  mechanical 
skill  which  is  brouht  to  bear  in  their  production.     This  building  in 

Presented  at  the  April  1907  (New  York)  meeting  of  The  American  Society 
of  Mechanical  Engineers,  which  was  the  professional  session  held  by  the  Society 
during  the  week  of  Dedication  of  the  Engineering  Societies  Building,  and  forming 
part  of  Volume  29  of  the  Transactions. 
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which  we  are  gathered  this  evening,  generous  product  of  a  noble 
impulse,  is  an  inspiration  to  anyone  whose  duty  it  is  to  deal  with  the 
forces  and  materials  of  nature;  and  in  an  effort  to  show  you  that  the 
officers  of  the  army,  who  produce  the  weapons  with  which  we  wage 
our  happily  infrequent  wars,  follow  the  processes  of  thought  and  com- 
putation and  design  which  precede  construction,  involving  a  knowl- 
edge of  basic  principles  and  the  deduction  of  methods  therefrom,  in 
such  manner  and  to  such  degree  as  to  justify  a  claim  to  scientific 
knowledge  and  employment,  and  to  demonstrate  their  worthiness  to 
be  classed  with  you  as  engineers,  I  will  explain  tonight  briefly,  and 
by  way  of  illustration  merel}^,  a  little  of  the  scientific  process  by  which 
ordnance  material  is  designed. 

3  In  thinking  of  the  subject  of  weapons  the  first  which  naturally 
comes  to  mind  is  the  gun,  which,  whether  large  or  small,  is  the  princi- 
pal weapon  with  which  armies  or  fortifications  are  armed  today. 
Although  there  is  plenty  of  science  in  the  design  of  small  arms,  I  will 
leave  them  and  arrest  your  attention  upon  certain  points  in  the 
design  of  guns  of  larger  size.  I  will  not  go  much  into  theory  in 
relation  to  gun  construction,  because  a  little  later  I  am  going  to  ask 
you  to  follow  me  somewhat  more  closely  through  some  theoretical 
considerations  accompanying  another  class  of  construction;  and  the 
most  of  what  I  shall  say  in  regard  to  the  theories  upon  which  our 
designs  are  based  is  not  new,  and  is  found  in  the  text  books  on  ordnance 
construction;  but  perhaps  I  may  be  ab!e  to  point  out  certain  ap- 
plications and  consequences  which  have  not  been  generally  realized, 
or  set  forth  in  publications. 

4  A  thick  cylinder,  built  to  withstand  the  highest  possible  interior 
pressure  which  is  one  of  the  objects  to  be  attained  in  the  construction 
of  cannon,  is  not  of  frequent  application  in  the  arts;  and  therefore 
civilian  mechanical  engineers  have  not  had  much  occasion  to  study  its 
attributes,  methods  of  construction,  and  limitations.  It  is  well  known 
to  engineers,  however,  that  when  such  a  cylinder  is  subjected  to  an 
interior  pressure  the  concentric  layers  of  metal  near  the  bore  are  sub- 
jected to  much  greater  tension  than  those  near  the  outer  periphery  of 
the  cylinder;  the  relative  tensions  to  which  the  layers  are  subjected, 
or  rather  the  circumferential  extension  of  these  layers,  since  both  the 
circumferential  or  tangential  tension  and  the  pressure  in  the  direction 
of  the  radius  contribute  to  this  effect — are  shown  by  the  curve  in  the 
figure  on  the  following  page. 

5  The  thickness  of  this  cylinder  is  equal  to  the  diameter  of  the  bore, 
which  can  be  shown  to  be  that  beyond  which  it  is  not  useful  to  increase 
it,  because  of  the  slight  gain  in  strength  which  would  result.     As  the 
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curve  of  extensions  is  drawn  to  scale,  the  interior  ordinate  repre 
senting  the  elastic  limit  in  extension  of  the  material  of  which  the 
cylinder  is  formed,  it  is  seen  at  once  how  very  unequally  the  different 
concentric  layers  are  extended;  the  outer  one  experiencing  less  than 
one-third  of  the  strain  which  is  brought  upon  the  layer  at  the  bore. 
The  resistance  of  the  cylinder  can  be  represented  by  the  product  of  its 
thickness  multiplied  by  the  mean  extension,  as  taken  from  the  curve; 
which  is  an  expression  equivalent  to  that  for  the  area  of  the  surface 


FIG.  1 


TANGENTIAL  STRAINS  IN  A  SIMPLE  CYLINDER  SUBJECTED  TO  INTERIOR 
PRESSURE 


included  between  the  curve,  the  ordinates  corresponding  to  the  inner 
and  outer  radii  of  the  cylinder  and  the  axis  from  which  the  ordinates 
of  the  curves  are  set  off.  If  we  could  manage  so  that  all  the  concentric 
layers  of  the  cylinder  should  be  equally  extended  by  the  interior 
pressure,  the  curve  would  become  a  straight  line  drawn  through  its 
upper  point,  and  the  resistance  of  the  cylinder  would  be  measured  by 
the  rectangular  area  lying  under  this  straight  line.  The  loss  of 
efficiency,  due  to  the  inequality  of  the  strain,  is  represented  by  the 
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large  triangular  area  lying  between  this  straight  line  and  the  curve. 
It  is  the  province  of  the  designer  of  ordnance  so  to  utilize  his  material 
as  to  diminish  this  area.  You  all  know  the  process  used,  which  is  to 
form  the  gun  of  concentric  layers  shrunk  one  upon  another,  so  that  the 
finished  gun  shall  have  the  layers  of  the  inner  cylinders,  near  the  bore, 
compressed  tangentially,  while  those  of  the  outer  ones  are  corre- 
spondingly extended.  The  interior  pressure  can  then  attain  some 
magnitude  before  the  metal  of  the  bore  is  brought  to  a  neutral  state. 


FIG.  2     TANGENTIAL   STRAINS  JX    A   COMPOUND    CYLINDER   ASSEMBLED    BY 
SHRINKAGE— OUTER  CYLINDER  TOO  THIN 

and  there  can  be  added  to  this  pressure  as  much  as  the  entire  pressure 
in  the  case  of  the  simple  cylinder,  before  the  metal  of  the  bore  is 
brought  to  a  state  of  elastic  extension  up  to  its  limit;  and  this  without 
overstraining  any  of  the  outer  layers,  if  the  gun  is  properly  constructed. 
6  This  explanation  is  ver}-  plain  and  very  easily  understood.  It 
does  not  pass  the  comprehension  of  the  foreman,  or  the  layman;  and 
an  appreciation  of  its  justness  and  a  recognition  of  the  necessity  of 
its  application  does  not  constitute  a  sufficiently  high  order  of  mental 
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achievement  to  justify  the  title  of  engineer  as  accompanying  its 
mastery.  The  real  engineering  process  comes  in  the  quantitative 
analysis  which  determines  the  amount  of  the  shrinkage,  or  the  differ- 
ence in  diameters  of  the  cylinders  which  are  shrunk  upon  each  other, 
in  order  to  get  the  best  effect  from  the  material,  and  the  magnitude 
of  the  pressure  which  the  finished  cylinder  is  capable  of  supporting. 
This  analysis  involves  a  knowledge  of  the  materials,  and  an  intelligent 
use  of  the  science  of  mathematics,  which  is  the  soul  of  the  engineer's 
profession,  and  without  knowledge  of  the  application  of  which  it  seems 


FIG.     3     TANGENTIAL   STRAINS   IN   A  COMPOUND   CYLINDER   ASSEMBLED   BY 
SHRINKAGE— INNER  CYLINDER  TOO  THIN 

to  me  that  he  can  not  lay  full  claim  to  the  title.  I  will  content  myself 
here  with  a  qualitative  analysis  only,  and  will  not  go  into  the  mathe- 
matics of  the  subject  for  the  reason  that,  although  I  believe  you  would 
be  interested  therein  if  you  had  the  time  necessary  to  devote  to  the 
subject,  I  intend  to  be  a  little  more  mathematical  later  on  with  refer- 
ence to  another  computation,  as  I  have  said. 

7     The  extensions  in  the  layers  of  two  concentric  cylinders  shrunk 
one  upon  another,  are  shown  by  the  two  curves  in  Fig.  2  and  it  is 
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easily,  seen  that  if  the  shrinkage  be  properly  adjusted,  the  metal  at 
the  interior  surface  of  both  cylinders  will  be  brought  to  its  elastic 
limit  of  extension  at  the  same  time  by  the  interior  pressure.  Inspec- 
tion is  sufficient  to  show  that  the  mean  ordinate  of  these  two  curves 
is  greater  than  that  of  the  curve  corresponding  to  the  simple  cylinder 
previously  spoken  of;  and  it  is  also  quite  apparent  that  the  total  area 
above  the  curves  is  less. 

S  In  addition  to  the  adjustment  of  the  amount  of  shrinkage  in 
order  to  secure  the  best  result  from  our  compound  cylinder,  there  is 
alf  o  that  of  the  length  of  the  radius  of  the  circle  of  contact  of  the  two 


FIG.  4  TANGENTIAL  STRAINS  IN  A  PROPERLY  PROPORTIONED  COMPOUND 
CYLINDER,  ASSEMBLED  BY  SHRINKAGE 

cylinders.  In  the  compound  cylinder  shown  the  outer  tube  is  too 
thin,  and  there  is,  therefore,  too  small  a  departure  from  the  curve  of 
extensions  of  the  simple  cyHnder,  In  the  next  compound  cylinder  the 
inner  tube  is  too  thin  and,  therefore,  the  thick  outer  cyhnder  shows  a 
very  close  similarity  to  the  disadvantageous  curve  of  the  simple  cylinder. 
An  application  of  the  methods  by  which  maximum  and  minimum 
states  of  a  function  are   determined    would  show   that   the   most 
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advantag;eous  result  is  obtained  when  the  radius  of  contact  is  a  mean 
proportional  between  the  radius  of  the  bore  and  that  of  the  outer 
circle  of  the  compound  cylinder.  In  this  case  the  curve  of  extensions 
of  each  C3'linder  is  shown  in  Fig.  4  which  corresponds  to  the  best 
result  which  can  be  gotten  from  a  compound  cylinder  of  two  layers. 

9  In  this  figure  there  is  also  shown  the  state  after  the  completion 
of  the  shrinkage,  and  before  the  interior  pressure  is  applied.  The 
dotted  curve  below  the  axis  represents  the  compressions  of  the  layers 
of  the  inner  cylinder,  while  the  other  dotted  curve  shows  the  corre- 
sponding extensions  of  the  outer  one. 

10  Now  having  gotten  the  best  result  obtainable  in  the  compound 
cylinder  of  two  layers,  the  question  arises  as  to  how  this  result  may 
be  improved  upon;  and  the  answer  is  by  increasing  the  number  of 
cylinders,  so  that  the  curves  of  extension  of  the  layers  of  each,  lying 
between  ordinates  which  are  closer  together,  will  have  no  points  as 
low  as  the  inferior  extremities  of  the  two  curves  which  are  shown;  thus 
again  raising  the  mean  tension  of  the  curves  and  still  further  dimin- 
ishing the  total  area  lying  above  them. 

11  And  again  the  question  arises  whether  there  is  any  end  to  this 
process,  other  than  a  practical  limitation  as  to  the  thickness  of  the 
cylinders  which  can  be  machined  and  shrunk  together.  The  limit 
is  arrived  at  by  consideration  of  the  state  of  the  inner  tube  in  a 
finished  cylinder.  We  see  by  the  dotted  hne  the  state  of  compression 
of  this  cyhnder  with  two  layers,  properly  proportioned.  If  the  num- 
ber of  layers  be  increased  the  compression  of  the  inner  cyhnder  will 
be  increased,  and  after  a  while  we  will  arrive  at  the  elastic  Hmit  under 
compression  of  the  metal  of  this  cyhnder,  beyond  which  we  must  not 
push  it. 

12  A  computation  would  show  that  this  result  can  be  reached  by 
the  employment  of  four  concentric  cylinders,  of  material  equal  in 
quahty  to  that  of  the  inner  tube.  The  compound  cylinder  could  then 
be  safely  subjected  to  a  pressure  which  would  carry  the  metal  of  the 
bore  through  the  range  from  compression  to  its  elastic  limit  to  exten- 
sion to  its  elastic  limit,  and  if  these  two  limits  were  equal  the  range 
would  be  double  either  of  them;  and  we  see  that  by  the  process  of 
building  up  under  shrinkage  we  would  have  doubled  the  strength  of 
our  compound  cylinder  over  that  of  the  simple  cylinder  of  the  same 
thickness.  Since  we  must  not  compress  the  inner  cylinder  beyond  its 
elastic  hmit,  it  is  evident  that  we  can  not  go  any  further  than  this 
either  by  an  increase  in  strength  or  by  a  multiplication  in  number  of 
the  outer  cylinders,  unless  we  are  to  make  these  cylinders  of  more 
rigid  material,  that  is,  of  material  having  a  greater  modulus  of  elas- 
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ticity  than  that  of  the  inner  tube,  which  we  have  not  thus  far  been 
able  to  find.  There  follows  a  result  which  has  not  been  very  promi- 
nently brought  to  attention,  namely,  that  a  gun  formed  by  wrapping 
a  tube  with  wire  can  not  be  made  of  any  greater  theoretical  strength 
than  one  of  as  many  as  four  concentric  cylinders,  notwithstanding 
the  greater  strength  and  the  multiplicity  of  layers  of  the  wire  envelope. 

13  A  practical  advantage  is  had  in  that,  in  such  a  cylinder,  there 
is  a  greater  reserve  of  strength  beyond  the  elastic  limit  of  the  tube 
and,  therefore,  we  are  justified  in  using  a  smaller  factor  of  safety  and 
working  the  compound  wire  cylinder  more  nearly  to  the  limit  of  its 
theoretical  strength.  There  may  be  also  an  advantage  of  cheapness 
of  construction,  since  wire  of  great  strength  can  be  manufactured  at 
much  less  cost  than  the  large  forgings  which  are  used  in  gun  construc- 
tion. 

14  For  an  exposition,  in  its  earlier  stages,  of  the  theory  upon 
which  the  gun  is  constructed,  we  are  indebted  to  Lame,  the  French 
scientist  who,  in  his  "Lessons  on  Elasticitj', "  gave  an  early  analysis 
of  the  strains  to  which  the  elements  of  a  hollow  cyUnder  are  subjected. 
His  work  was  followed  and  amplified  by  Gadolin  in  Russia,  by 
General  Virgile  of  the  French  service,  and  by  Colonel  Clavarino  of  the 
Italian  army;  while  the  latest  refinement  in  the  formulae  as  we  use 
them  now  was  made  by  Colonel  Birnie  of  the  United  States  Ordnance 
Department.  General  Rodman,  whose  name  is  one  of  the  greatest  in 
the  history  of  ordnance,  made  use  of  the  principle  of  initial  compres- 
sion of  the  metal  of  the  bore,  which  he  accomplished  by  cooling  from 
the  interior  the  large  castings  from  which  his  guns  were  made,  which 
process  was  replaced  by  the  more  exact  one  of  shrinkage,  when  forged 
steel  cylinders  of  limited  thickness  and  much  higher  physical  qualities 
replaced  the  masses  of  cast  iron  of  which  the  Rodman  guns  consisted. 

15  An  example  of  the  blundering  application  of  a  good  principle, 
as  when  an  attempt  is  made  without  the  clear  guidance  of  theory  to 
practice  an  art  which  should  be  founded  upon  science,  is  seen  in  the 
Parrott  guns  of  our  civil  war  time,  which  were  formed  by  shrinking  a 
band  of  wrought  iron  over  the  breech  portion  of  a  cast-iron  body. 
The  principle  was  good,  and  the  strength  of  the  guns  should  thereb}' 
have  been  increased;  but  because  of  the  lack  of  application  of  mathe- 
matical analysis  to  the  determination  of  the  proper  amount  of  shrink- 
age which  should  have  been  used,  the  operation  was  grossly  overdone, 
and  the  guns  by  many  failures,  suffered  in  reputation  and  discredited 
a  good  idea, 

16  I  will  now  leave  the  subject  of  guns  and  pass  to  one  which  is 
even  less  frequently  brought  to  the  attention  of  those  who  do  not  have 
to  concern  themselves  with  ordnance  construction.     I  refer  to  the 
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carriages  upon  which  the  guns  are  mounted  and  maneuvered;  and 
with  reference  to  these  I  will  ask  you  to  consider  by  way  of  a  typi- 
cal illustration,  the  method  by  which  the  recoil  of  the  gun  is  con- 
trolled; since  this  process  is  one  which  is  even  more  unfamiliar  in  the 
commercial  practice  of  mechanical  engineering  than  is  the  use  of  the 
thick  cylinder.  A  12-inch  gun  in  its  recoil  has  an  energy  of  practi- 
cally 1000  foot  tons,  and  to  absorb  this  in  the  short  distance  of  three 
feet  without  shock  and  without  undue  strain  upon  any  part  of  the 
structure,  which  must  endure  man}^  repetitions  of  it,  is  a  necessity 
which  I  do  not  understand  as  arising  in  any  other  class  of  construction, 
17  Fig.  5  shows  the  general  method  by  which  this  is  accomplished. 
A  piston  is  attached  to  the  recoiling  gun  and  is  drawn  through  a 
cylinder  filled  with  liquid,  generally  oil ;  the  resistance  which  checks 
the  recoil  is  produced  by  forcing  the  oil  from  one  side  of  the  piston  to 
the  other  through  small  orifices.     As  the  velocity  of  recoil  of  the  gun 


FIG.    5    DIAGRAMMATIC  SKETCH  OF  BRAKE  CYLINDER  FOR  CHECKING  RECOIL 


in  its  earlier  stages  is  higher  than  when  it  is  nearly  brought  to  rest, 
orifices  of  constant  size  would  produce  a  much  greater  resistance  in 
the  earlier  portions  of  the  recoil  than  in  the  later,  and  would  result  in 
a  much  higher  strain  than  the  mean  on  the  piston  rod,  and  on  the 
cy Under  and  its  attachments,  all  of  which  would  have  to  be  made 
strong  enough  to  withstand  the  highest  strain.  It  can  be  shown  that 
in  such  a  cylinder,  which  was  the  kind  at  first  used  for  the  purpose  of 
checking  recoil,  the  maximum  strain  is  more  than  four  times  the 
mean.  In  order  to  reduce  the  strain  to  the  mean  it  is  necessary  to 
vary  the  area  of  the  orifices  as  the  recoil  proceeds,  and  one  of  the 
methods  of  accomplishing  this  is  to  form  the  orifices  by  cutting  in 
the  piston  slots  which  slide  over  bars  bolted  along  elements  of  the 
cylinder;  the  orifices  are  the  portions  ol  the  slots  which  are  not  filled 
by  the  bars,  and  as  the  latter  are  of  constant  width  and  varying  depth, 
the  size  of  the  orifices  can  be  varied  in  accordance  with  any  desired 
law. 
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18  The  computation  of  the  curved  surfaces  of  the  bars,  whose 
character  is  desired  to  be  such  that  the  orifices  shall  be  diminished  at  a 
rate  proper  to  produce  constancy  of  pressure  in  the.  cylinder,  is  that 
to  which  I  now  invite  your  attention ;  and  in  describing  it  with  suffi- 
cient clearness  to  be  understood  I  will  make  use  of  certain  mathematical 
expressions  for  which  I  would  feel  compelled  to  apologize  to  an  audi- 
ence of  any  other  class.  But  the  expressions  will  be  simple,  and  will 
be  easily  recognized  even  by  those  whose  early  success  has  led  them 
away  from  the  direct  application  of  this  handmaid  of  the  engineer 
into  directive  positions,  in  which  their  differentiations  and  integra- 
tions are  done  for  them  by  others.  I  hope  I  shall  be  able  to  indicate 
a  much  more  extensive  appHcation  of  mathematics  and  theoretical 
mechanics  than  that  which  I  am  about  to  show  directly. 

19  The  problem  would  be  much  easier  if  the  gun  should  start  in 
recoil  with  its  maximum  velocity  at  the  beginning  of  its  motion;  the 
subject  of  its  control  could  then  be  handled  by  very  little  variation 
from  the  methods  of  analytical  mechanics,  as  ordinarily  applied. 
But  this  is  not  the  case;  as  soon  as  the  gases  produced  by  the  burning 
of  the  powder  charge  attain  sufficient  pressure  to  overcome  the  mere 
passive  resistance,  such  as  friction  and  the  resistance  to  distortion  of 
the  band  of  the  projectile,  the  gun  commences  to  recoil,  and  the 
velocity  increases  until  the  diminishing  pressure  falls  below  these  pas- 
sive resistances.  If  the  gun  were  free  to  recoil,  without  any  kind  of 
restraint,  it  would  commence  to  do  so  as  soon  as  the  projectile  began  to 
move,  and  its  velocity  would  increase  as  long  as  the  powder  gases 
exerted  any  pressure  upon  it,  after  which  it  would  continue  indefi- 
nitely at  the  same  rate  of  motion. 

20  There  has  thus  far  been  deduced  no  mathematical  expression 
for  the  variation  of  the  velocity  of  recoil  of  the  gun  during  this  early 
period  of  its  motion,  to  meet  which  the  orifices  for  the  flow  of  the  oil 
from  one  side  of  the  piston  to  the  other  in  the  recoil  brake  cylinder 
must  increase  in  size;  therefore  we  attack  the  subject  semi-graphic- 
ally  as  follows: 

21  We  assume  the  distance  in  which  we  wish  to  check  the  recoil, 
and  this  leaves  us  with  two  elements  to  compute,  first,  the  magnitude 
of  the  constant  resistance  which  the  brake  must  offer  in  order  to  check 
the  gun  in  the  assumed  distance;  and  second,  the  size  of  the  orifices 
for  the  flow  of  the  oil  at  each  point  of  the  passage  of  the  piston  through 
the  cyUnder,  necessary  to  produce  this  resistance.  The  computations 
relating  to  the  gun,  the  powder  charge,  and  the  projectile  give  us  an 
expression  for  the  velocity  of  the  latter  at  each  point  of  its  travel 
through  the  bore,  and  this  velocity  is  plotted  as  the  ordinate  of  the 
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curve  shown  in  Fig.  6,  of  which  the  abscissa  is  the  distance  from  the 

starting  point  of  the  projectile,  measured  along  the  bore.     This  curve 

we  will  take  for  our  starting  line. 

22     The  mathematical  expression  for  the  ordinate  of  this  curve  is 

dx 
,  ;  if  we  plot  another  curve,  as  shown  in  the  same  figure,  whose  ordi- 

nates  shall  be  the  reciprocals  of  those  of  the  velocity  curve,  the  mathe- 

dt 

matical  expression  for  these  ordinates  will  be  -7-;  the  expression  for 

dt 
the  differential  of  the  area  under  the  second  curve  is  ,    dx;  that  is,  the 

dx 

ordinate  into  the  differential  of  the  abscissa;  and  the  area  under  the 

dt 
curve  is  the  integral  of  this  expression,  that  is,  the  integral  of  ,    dx, 

which  is  the  integral  of  dt,  or  t.  That  is,  the  area  under  the  second 
curve  measured  out  to  any  ordinate  is  the  time  which  it  takes  the  pro- 
jectile to  reach  the  corresponding  point  of  the  bore. 


FIG. 


CURVES  OF  VELOCITY  OF  A  PROJECTILE,  AND  OF  THE  RECIPROCALS 
OF  THE  VELOCITY,  AS  A  FUNCTION  OF  THE  DISTANCE  TRAVELED 


23  By  using  these  two  curves,  and  plotting  a  third  one  whose 
abscissae  shall  be  the  ordinates  of  a  time  curve,  and  whose  ordinates 
shall  be  the  corresponding  ones  of  the  velocity  curve,  we  obtain  the 
curve  shown  in  Fig.  7,  which  is  that  of  the  velocity  of  the  projectile 
as  a  function  of  its  time  of  travel.  This  curve  has  a  point  of  inflection 
corresponding  to  the  maximum  powder  pressure,  when  the  accelera- 
tion of  the  shot  is  naturally  the  greatest. 

24  Since  the  projectile  is  moved  in  one  direction  and  the  gun  is 
moved  in  the  opposite  by  the  pressure  of  the  powder  gases,  the  veloci- 
ties of  motion  of  the  two  would  be  inversely  proportional  to  their 
weights,  were  it  not  for  the  fact  that  the  powder  charge  itself  has  con- 
siderable weight  which  must  also  be  moved  by  its  own  pressure, 
therefore,  we  have  it  that  the  weight  of  the  gun  multiplied  by  the 
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velocity  of  the  recoil  is  equal  to  the  weight  of  the  shot  multiplied 
by  its  velocity,  plus  the  weight  of  the  powder  multiplied  by  the  veloc- 
ity which  it  has,  or  the  formula: 

25  The  best  theory  which  we  can  form  as  to  the  distribution  of 
the  powder  gases  behind  the  shot,  while  the  latter  is  moving  along  the 
bore,  is  that  they  remain  at  all  times  evenly  distributed  between  the 
projectile  and  the  bottom  of  the  bore.  Under  this  supposition  the 
center  of  gravity  of  the  powder  charge  is  always  half  way  between 
the  base  of  the  shot  and  the  bottom  of  the  bore,  which  would  involve 
a  velocity  for  this  center  of  gravity  just  one-half  that  of  the  shot;  we 
can,  therefore,  substitute  for  the  velocity  of  the  powder  charge  in  the 


FIG.     7     CURVES  OF  VELOCITY  OF  FREE  RECOIL,  OF  CONSTANT  RETARDATION, 
AND  VELOCITY  OF  RETARDED  RECOIL  OF  GUN,  AS  A  FUNCTION  OF  THE  TIME 

formula  one-half  of  the  velocity  of  the  shot,  which  makes  the  formula 
the  following: 

Solving  this  formula  we  have: 

g        w      ^ 

26  Since  the  coefficient  of  the  velocity  of  the  shot  is  a  constant 
quantity,  the  velocity  of  recoil  of  the  gun  is  directly  proportional  to  it, 
and  we  can  consider  the  same  curve  as  representing  the  velocity  of 
recoil  of  the  gun  as  a  function  of  the  time,  by  bearing  in  mind  that 
the  scale  is  different.  This  gives  us  the  velocity  of  recoil  during  the 
period  in  which  the  shot  is  in  the  bore  of  the  gun;  but  the  formula 
does  not  hold  good  after  the  shot  leaves  the  bore,  for  the  reason  that, 
freed  from  restraint  of  the  projectile,  the  powder  gases  then  rush  from 
the  bore  with  greatly  increased  velocity,  much  greater  than  one-half 
that  of  the  projectile,  and  greater  also  than  that  of  the  projectile 
itself. 

27  The  gases,  however,  still  exert  an  appreciable  pressure  upon 
gun,the   and  continue  for  a  time  to  accelerate  its  motion.     We  have 
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means  of  measuring  the  maximum  velocity  of  the  gun,  upon  recoiUng 
freely,  and  also  of  measuring  the  maximum  velocity  of  the  projectile; 
By  substituting  these  measured  velocities  in  the  first  formula  given, 
we  have  one  in  which  the  only  unknown  quantity  is  the  maximum 
velocity  of  expulsion  of  the  powder  charge,  which  can  therefore  be 
deduced.  For  guns  of  similar  class  this  figure  should  be  approxi- 
mately the  same,  and  having  tried  the  experiment  for  one  gun  of  a 
class  we  can  use  the  same  figure  in  computations  relating  to  other  guns. 
The  result  of  such  experiments  indicates  that  the  mean  of  the  maxi- 
mum velocity  with  which  each  portion  of  the  charge  of  smokeless 
powder  is  expelled  from  the  gun  is  about  4700  feet  per  second;  and 
substituting  this  figure,  together  with  the  maximum  velocity  of  the 
projectile,  in  the  first  formula  we  get  the  maximum  velocity  of  recoil 
of  the  gun,  supposing  always  that  it  should  recoil  without  retardation. 
By  drawing  parallel  to  the  axis  of  time  a  straight  line  at  a  distance 
from  it  corresponding  to  the  maximum  velocity  thus  obtained,  we 
know  that  the  curve  of  the  velocity  of  recoil  as  a  function  of  time 
must  rise  to  this  Hne,  become  tangent  to  it,  and  continue  along  the  line 
indefinitely;  we  are  thus  able  to  complete  the  curve  with  a  very  fair 
approximation  to  accuracy.  The  point  of  tangency  is  hard  to  deter- 
mine; but  we  can  remember  that  the  exact  instant  at  which  the  last 
breath  of  the  powder  pressure  ceases  to  accelerate  the  recoil  in  the 
slightest  degree  is  not  very  important. 

28  Suppose  now  we  have  a  constant  force  +o  retard  the  recoil  of 
the  gun.  Such  a  force  would  diminish  the  velocity  of  recoil  propor- 
tionally to  its  time  of  action,  and  the  loss  of  velocity  would  be  repre- 
sented by  the  ordinate  of  a  straight  line  such  as  we  have  drawn  in  the 
figure.  By  prolonging  this  line  until  it  reaches  the  curve  of  the 
velocity  of  recoil,  and  dropping  the  corresponding  ordinate  to  the 
axis  of  time,  we  obtain  the  time  which  would  be  required  by  such  a 
retarding  force  to  completely  stop  the  gun.  Subtracting  from  each 
ordinate  of  the  curve  of  velocity  of  free  recoil  the  corresponding  ordi- 
nate of  the  straight  line,  we  can  plot  a  new  curve  which  shall  repre- 
sent the  velocity  of  recoil  of  the  gun  under  the  action  of  the  brake. 

29  Remembering  that  the  curve  gives  this  velocity  as  a  function 

dx 

of  the  time,  the  expression  for  it  is  ^;  the  differential  of  the  area 

dx 
under  the  curve  is  'jdt',  and  the  area  itself  is  the  integral  of  this  expres- 


it^'-i 


sion ;  thus  we  have    I    ,t  dt=    \  dx=  x.     Therefore,  the   total   area 
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under  this  last  curve  is  the  total  length  of  recoil.  From  the  manner 
in  which  the  ordinates  of  the  last  curve  are  obtained,  each  one  of 
them  is  equal  to  that  portion  of  the  corresponding  ordinate  of  the 
free  recoil  curve  which  lies  above  the  straight  line;  and  this  being  true 
of  every  ordinate  it  follows  that  the  total  area  between  the  inclined 
straight  line  and  the  free  recoil  curve  is  equal  to  the  area  under  the 
last  curve.  That  is  to  say,  if  we  draw  this  straight  line  so  as  to  include 
between  it  and  the  curve  of  velocity  of  free  recoil  an  area  equal  to  the 
assumed  distance  in  which  we  wish  to  stop  the  recoil  of  the  gun,  this 
line  will  give  us  the  total  time  which  would  be  required  to  check  the 
recoil,  and  the  maximum  velocity  of  the  recoil  divided  by  this  total 
time  would  give  the  negative  acceleration  of  the  recoil,  or  the  retard- 
ation of  the  gun.  The  mass  of  the  gun  multiplied  by  this  negative 
acceleration  is  therefore  equal  to  the  retarding  force;  which  is  the 
first  of  the  elements  that  we  were  seeking.  The  method  of  drawing 
the  straight  line  so  as  to  cut  off  between  it  and  the  curve  the  area 
equaling  the  assumed  length  of  the  recoil  involves  measuring,  with 


FIG.     8    CURVE  OF  VELOCITY  OF  UNIFORMLY  RETARDED  RECOIL,  AS  A 
FUNCTION  OF  THE  DISTANCE  RECOILED 

a  planimeter  or  otherwise,  the  area  under  the  portion  of  this  curve 
which  is  really  a  curve;  with  this  area  measured  the  process  is  a 
simple  one. 

30  Having  the  total  resistance  which  the  brake  must  offer  in  order 
to  check  the  gun  in  our  assumed  distance,  we  must  also  have,  in  order 
to  properly  proportion  the  orifices,  the  velocity  of  recoil  of  the  gun, 
which  is  that  of  the  motion  of  the  piston  through  the  cylinder,  at  each 
point  of  the  recoil,  as  well  as  at  each  instant  thereof;  that  is,  we  must 
have  the  velocity  of  recoil  as  a  function  of  the  distance  recoiled. 
From  the  last  curve  drawn  we  are  able,  as  just  explained,  to  obtain 
this;  for,  by  measuring  the  area  under  this  last  curve  out  to  any 
ordinate  we  obtain  the  distance  recoiled  in  the  time  corresponding 
to  the  ordinate.  By  plotting  this  distance  as  the  abscissa  and  the 
corresponding  velocity  as  the  ordinate,  we  obtain  a  new  curve  of  the 
velocity  of  recoil  as  a  function  of  the  distance,  which  is  shown  in 
Fig.  8. 

31  The  next  step  involves  a  formula  with  which  you  are  all  famil- 
Uar;  v-  =  2gh,  in  which  v  is  the  velocity  of  flow  of  the  liquid  through 
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the  orifice  in  the  lower  part  of  a  containing  reservoir,  and  h  in  the 
height  of  the  upper  surface  of  the  Hquid  above  the  orifice.  If  A  is  the 
weight  of  a  cubic  unit  of  the  hquid,  the  pressure  per  square  unit  at 
the  height  of  the  orifice  is  equal  to  hd,  which  gives  us  h4  =p.  p  is 
equal  to  the  total  pressure,  or  resistance,  of  the  brake  divided  by  the 
area  of  the  brake  piston ;  representing  this  area  b}^  A ,  and  substituting 
the  value  of  h  in  the  formula  for  v,  solving  it  we  get 


^ 


29  B 
J  A 


As  all  the  terms  here  are  known  we  get  the  value  of  v;  that  is,  the 
velocity  at  which  the  liquid  must  be  forced  through  the  orifices  in  the 
piston,  in  order  to  produce  the  constant  resistance  which  has  been 
determined. 

32  Since  all  the  liquid  which  is  displaced  by  the  piston  in  its 
motion  through  the  cylinder  must  pass  through  the  orifices  to  the 
other  side,  the  velocity  of  the  piston  multiphed  by  its  area  must  equal 
the  velocity  of  the  flow  of  the  liquid  through  the  orifice,  multiplied 
by  the  area  of  the  orifice,  which  is  expressed  by  the  equation 

AVg^  a  v^ 

Vg  being  the  velocity  of  the  gun  or  piston,  and  v^  being  that  of  the 

oil,  from  which  we  get 

A 
a='       V 

A 
That  is,  the  area  of  the  orifice  is  equal  to  the  constant  factor      ,  mul- 

tiplied  by  the  velocity  of  recoil  of  the  gun.  Since  the  area  of  opening 
is  thus  proportional  to  the  velocity  of  recoil,  the  same  curve  which  we 
have  already  drawn  will  answer,  by  proper  adjustment  of  the  scale, 
as  the  curve  of  the  area  of  opening  of  the  orifice  as  a  function  of  the 
distance  from  the  initial  point  of  the  piston. 

33  In  this  computation,  I  have  paid  no  attention  to  the  contrac- 
tion of  the  liquid  vein.  Th  3  pressures  which  are  used  in  the  hydraulic 
cylinders  of  gun  carriages  are  higher  than  those  which  are  apt  to  be 
encountered  in  reservoirs  from  which  the  flow  has  been  experimentally 
measured;  with  the  ordinary  high  power  gun  and  the  recoil  cylinders 
of  the  size  generally  employed,  the  pressure  runs  from  1000  to  1  500 
pounds  per  square  inch,  while  with  mortars,  w^hich  are  lighter  in  com- 
parison with  the  weight  of  the  projectiles  and  therefore  have  a  higher 
velocity  of  recoil,  the  pressure  runs  up  as  high  as  4000  or  5000  pounds 
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per  square  inch.     With  such  pressures  the  vein  is  considerably  con- 
tracted, and  we  have  used  a  coefficient  as  high  as  1.67. 

34  In  the  last  experiments,  with  the  mortar  carriage  in  which  we" 
used  this  coefficient  we  had  difficulty  in  obtaining  a  proper  indicator 
diagram,  when  we  attempted  as  usual  to  check  the  theoretical  work 
by  the  use  of  that  instrument.  The  work  was  carefully  gone  over, 
and  computations  were  made  independently  by  several  persons,  but 
we  were  unable  to  make  the  discrepancy  disappear.  Finall}'  we  dis- 
mounted the  hydraulic  cylinders  and  measured  them  with  a  star  gage, 
when  we  found  that  they  had  been  over-bored  some  0.03  of  an  inch 
from  the  carefully  prescribed  diameter.  The  pistons  were  bushed  so 
as  to  take  up  this  unauthorized  and  unexpected  clearance,  and  the 
trouble  disappeared;  the  indicator  diagram  assumed  a  proper  form; 
the  science  and  the  art  of  gun  carriage  construction  were  again  on 
speaking  terms  with  each  other,  and  harmony  reigned  in  the  Ordnance 
Department. 

35  In  explaining  some  little  of  the  methods  which  are  followed  in 
the  work  with  which  that  department  is  charged,  I  have  hoped  that 
you  would  recognize  some  kinship  between  the  workers  in  our  class  of 
problems  and  those  who  struggle  with  the  problems  of  civil  engineers, 
but  when  I  tell  you  that  the  anxious  designer  finds  himself  puzzled 
and  dismayed  by  what  afterward  turns  out  to  have  been  a  work- 
shop error  on  the  part  of  those  charged  with  working  the  design  into 
material,  and  that  holes  are  bored  0.03  of  an  inch  larger  than  they 
ought  to  be,  I  expect  you  to  say  to  yourselves:  "These  men  are  our 
brothers,  their  joys  and  woes  are  our  very  own. " 

36  The  case  of  a  recoil  brake  computation  which  I  have  hastily 
run  over  is  the  very  simplest  one;  it  meets  with  many  variations  in 
practice.  The  most  simple  variation  is  when  the  gun  recoils  up  an 
inchned  slide,  down  which  it  runs  after  recoil  again  to  the  firing  posi- 
tion. In  this  case  the  hydraulic  brake  is  assisted  by  gravity,  which 
has  to  be  taken  into  account  in  checking  the  recoil.  Another  common 
variation  is  when  the  gun  carriage  is  so  adjusted  that  the  recoil  of  the 
piece  is  directly  in  the  line  of  the  axis,  whether  it  be  fired  horizontally 
or  at  an  elevation.  With  such  carriages  the  piece  is  returned  to  the 
firing  position  by  springs,  which  are  compressed  during  recoil.  If  the 
gun  be  fired  at  an  elevation  the  recoil  is  in  this  case  assisted  by  a  com- 
ponent of  the  force  of  gravity,  and  it  is  checked  by  the  combined 
action  of  the  hydraulic  brake  and  the  counter  recoil  springs.  All  of 
which  produces  a  modification  of  the  computation  of  the  orifices  for  the 
flow  of  the  liquid.  An  extreme  case  of  variation  exists  in  the  disap- 
pearing carriage,  upon  which  most  of  the  guns  of  our  seacoast  fortifi- 
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cation  are  now  mounted.     An  outline  sketch  of  this  carriage  is  shown 
in  Fig.  9. 

37  Many  of  you  have  seen  carriages  of  this  type,  and  others  have 
perhaps  seen  illustrations  and  descriptions  of  them  in  various  publi- 
cations. I  will  however  run  briefly  over  the  action  which  takes  place 
when  the  gun  is  fired.  The  gun  is  mounted  by  its  trunnions  upon  the 
upper  extremities  of  two  long  levers;  these  levers  are  pivoted  at  their 
middle  point  in  trunnion  beds  formed  in  a  cradle,  or  top  carriage, 
which  is  mounted  upon  rollers.  To  a  bar  joining  the  lower  extremities 
of  the  two  levers  is  attached  a  counterweight,  sufficient  to  over- 
balance the  gun,  and  these  lower  extremities  are  connected  with  a 
sort  of  cross-head  which  runs  on  vertical  guides. 

38  When  the  recoil  takes  place  the  middle  point  moves  to  the 
rear  in  a  hne  parallel  to  the  surface  upon  which  the  rollers  run,  while 


FIG.     9     DISAPPEARING  GUN  MOUNTED  UPON  BUFFINGTON-CROZEER  CARRIAGE 


the  lower  extremities  of  the  levers  move  vertically  upward  in  a 
straight  line.  It  follows  that  the  upper  extremities,  upon  which  the 
gun  is  mounted,  move  to  the  rear  and  downward  in  the  arc  of  an 
ellipse.  The  breech  of  the  gun  is  raised  and  lowered,  for  changing  the 
elevation  to  correspond  to  the  range,  by  two  elevating  arms 
which  also  serve  to  guide  the  breech  during  recoil,  their  point  of  attach- 
ment to  the  gun  describing  the  arc  of  a  circle.  The  recoil  is  checked 
partly  by  raising  the  counter-weight,  but  mainly  by  the  hydraulic 
brake  formed  in  this  case  by  cylinders  which  are  drawn  over  fixed 
pistons.  It  will  be  observed  that  this  carriage  offers  a  very  consider- 
able departure  from  the  simple  case  in  which  the  gun  recoils  horizon- 
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tally  in  a  line  parallel  with  the  axis  of  the  brake  cylinder;  the  gun  is 
set  in  motion  in  a  line  approximately  parallel  to  the  motion  of  the 
cylinder,  but  it  changes  its  direction  with  reference  to  that  motion  at 
every  instant,  and  it  moves  finally  nearly  at  right  angles  to  it;  the  lever 
upon  which  the  gun  is  mounted  have  both  a  motion  of  translation  and 
a  motion  of  rotation;  the  elevating  arms  have  a  motion  of  rotation 
about  their  lower  extremities;  the  counter- weight  moves  upward  in  a 
direction  practically  at  right  angles  to  that  of  the  l^rake  cylinder. 
All  of  these  masses,  set  in  motion  with  different  and  constantly  vary- 
ing velocities  of  translation  and  rotation,  must  be  brought  to  rest 
by  the  action  of  the  hydraulic  brake,  in  which  the  orifices  should  be 
so  computed  as  to  make  its  action  constant. 

39  There  is  thus  offered  a  problem  sufficiently  complex  to  afford 
an  abundance  of  interesting  occupation;  its  solution  involves  the 
handling  of  equations  involving  some  fifty  terms,  and  the  computa- 
tion of  the  curve  of  variation  of  the  orifices  for  the  flow  of  the  liquid 
is  an  operation  requiring  some  ten  days  of  close  work. 

40  We  owe  the  method  of  computation  which  I  have  explained  to 
General  Sebert  and  Captain  Hugoniot  of  the  French  Artillery;  to 
which  we  are  greatly  indebted  for  scientific  methods  of  ordnance 
construction.  Indeed  the  French  seem  to  have  a  pecuhar  genius  for 
drilling  into  the  future  and  extracting  therefrom  the  hitherto  un- 
known, and  it  is  appropriate  to  mention  here  that  we  owe  to  them 
the  rapid  firing  field  gun  with  which  the  armies  of  the  civihzed 
world  are  today  either  already  armed,  or  are  rapidly  re-arming.  The 
essential  feature  of  this  gun  is  its  long  recoil  upon  the  carriage,  some- 
thing like  four  feet;  by  reason  of  which  the  action  of  the  gun  upon  the 
carriage  is  so  softened  that  the  latter  does  not  move  from  its  place 
upon  firing,  and  the  gunner  can  sit  upon  the  trail,  with  his  eye  at  the 
sight,  and  continue  the  firing  as  rapidly  as  the  piece  can  be  loaded. 
This  improvement  raises  the  rate  of  fire  from  about  two  rounds  per 
minute  to  about  twenty. 

41  Mechanical  science  and  art  have  of  course  greatly  advanced  in 
the  last  half  century.  The  structures  have  increased  enormously  in 
power  and  performance,  and  have  also  increased  greatly  in  complexity 
and  refinement,  necessitating  more  extensive,  more  accurate,  and 
more  highly  cultivated  knowledge  upon  the  part  of  designers,  and  an 
enormous  increase  in  the  number  of  draftsmen  required  to  translate 
the  thoughts  of  the  engineer  into  pictorial  language,  which  can  be 
understood  by  the  mechanics  who  are  to  execute  those  thoughts,  and 
a  corresponding  increase  in  the  power  and  accuracy  of  the  machines 
which  have  to  fashion  the  material  into  shape,  and  the  skill  of  the 
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persons  who  must  operate  them.  Progress,  in  all  subjects,  has  been 
defined  to  be  the  advance  from  the  simple  to  the  complex;  and  ord- 
nance construction  has  shared  in  the  progress,  as  thus  defined,  of 
other  branches  of  engineering. 

42  The  most  powerful  gun  of  our  Civil  War  period  was  the  15-inch 
Rodman  smooth  bore,  firing  a  projectile  of  480  pounds  weight  with  a 
velocity  of  about  1500  feet  per  second.  The  drawings  of  this  gun 
occupied  but  a  single  sheet,  and  the  specifications  for  its  manufacture 
could  be  written  upon  a  single  page.  The  drawings  for  the  carriage 
upon  which  it  was  mounted  cover  two  sheets  of  ordinarj^  size,  and  the 
specifications  cover  less  than  half  a  dozen  pages  of  ordinary  hand- 
writing. The  drawings  of  the  12-inch  built-up  gun  of  today  require 
about  seven  sheets  for  their  representation,  and  the  specifications  are 
found  in  a  printed  pamphlet  of  some  twenty  pages.  The  sheets  of 
drawings  of  the  gun  carriage  number  about  twenty-five,  closely 
covered  with  details,  and  the  specifications,  divided  into  two  classes, 
general  and  special,  occupy  two  printed  pamphlets  of  15and35pages, 
respectively.  The  gun  throws  a  projectile  of  1000  pounds  weight 
with  a  velocity  of  2500  feet  per  second  and  an  energy  six  times  that  of 
the  projectile  of  the  15-inch  smooth  bore;  while  the  rate  of  fire  is 
increased  from  about  one  round  in  ten  minutes  to  three  rounds  in  two 
minutes.  That  is  to  say,  about  one  hundred  times  as  much  energy  can 
be  delivered  in  a  given  time.  The  increase  of  extent  and  compli- 
cation of  the  personal  machine  by  which  this  result  is  accomplished 
can  be  appreciated  by  the  members  of  similar  organizations. 

43  I  will  say  a  word  or  two  about  our  special  organization.  The 
statutory  strength  of  the  Ordnance  Department  in  officers  is  85.  Its 
officers  are  not  graduated  into  it  directly  from  the  Military  Academy 
at  West  Point,  but  all  must  serve  at  least  a  year  before  being  eUgi- 
ble  for  service  in  it.  Service  in  the  department  is  by  detail  for  four 
years  at  a  time,  after  which  captains  and  lieutenants  must  serve  at 
least  one  year  in  the  branch  of  the  service  from  which  they  were  de- 
tailed, before  being  eligible  for  another  tour.  Majors  and  higher 
officers  serve  also  four  years  at  a  time,  but  there  is  no  compulsory 
interval  between  successive  details;  so  that  their  service  may  be  con- 
tinuous, although  it  is  not  necessarily  so.  Detail  to  the  department, 
for  the  first  tour  of  duty  therein,  follows  an  examination,  which  is 
either  qualifying  or  competitive  depending  upon  whether  the  number 
of  candidates  is  less  or  greater  than  the  number  of  vacancies;  in  the 
past  there  has  usually  been  competition,  which  has  often  times  been 
as  great  as  corresponds  to  seven  or  eight  times  as  many  candidates  as 
vacancies.     Detail  for  subsequent  tours  of  duty  is  made  by  a  board  of 
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ordnance  officers,  all  senior  to  the  grade  eligible  for  the  detail.  The 
incentive  to  preparation  for  the  examination,  and  for  such  continued 
effort  as  to  merit  re-detail  to  the  department,  is  found  in  the  advance- 
ment of  grade  which  may  accompany  the  detail;  officers  of  all  grades 
in  the  army  being  eligible  for  detail  to  the  next  higher  grade  in  the 
ordnance  department,  of  which  the  lowest  rank  is  first  lieutenant. 
If  an  officer  once  admitted  is  found  not  to  be  well  fitted  for  the  service, 
he  need  not  be  detailed  for  a  second  tour.  There  is  thus  a  process  of 
selection  and  elimination,  with  incentive,  which  constitutes  a  merit 
system.  All  officers,  whether  graduates  of  West  Point  or  commis- 
sioned from  civil  life,  are  eligible. 

44  The  art  of  manufacture  of  ordnance  is  carried  on  at  six  large 
establishments,  employing  over  5000  workmen,  of  which  790  are 
machinists;  the  estabUshments  are  guarded  and  generally  cared  for  by 
some  seven  hundred  enlisted  men.  There  are  on  the  rolls  of  the 
department  90  draftsmen.  At  the  Watertown  Arsenal,  near  Boston 
are  manufactured  seacoast  gun  carriages;  at  the  Springfield  Armory, 
also  in  Massachusetts,  the  principal  output  is  the  musket,  of  which 
the  plant  has  a  manufacturing  capacity  of  400  per  day  of  eight  hours; 
at  the  Watervliet  arsenal,  opposite  Troy  in  New  York,  there  are 
manufactured  cannon,  both  large  and  small;  at  the  Frankford  arsenal 
in  Philadelphia,  the  principal  manufacture  is  ammunition  for  small 
arms,  but  there  is  also  made  a  considerable  quantity  of  ammunition 
for  small  sized  artillery  and  instruments  for  the  fire-control  and  direc- 
tion of  artillery;  at  the  Rock  Island  arsenal  in  Illinois,  the  largest 
of  them  all,  there  are  manufactured  field  artillery  gun  carriages  and 
other  vehicles,  the  personal  and  horse  equipments  for  infantry  and 
cavalry,  artillery  harness,  and  small  arms.  For  the  last,  the  plant  has 
a  capacity  of  about  250  guns  per  day  of  eight  hours.  All  of  the  artil- 
lery material  is  tested  and  admitted  to  the  service  at  the  Sandy  Hook 
Proving  Ground,  in  New  Jersey,  which  also  forms  a  practical  school 
to  which  officers  are  sent  when  first  detailed  for  duty  in  the  depart- 
ment. A  powder  factory,  for  the  manufacture  of  smokeless  powder, 
with  a  capacity  for  about  1000  pounds  per  day,  is  in  process  of 
erection  upon  a  reservation  near  Dover,  New  Jersey. 

45  I  hope  the  organization  is  one  which  can  commend  itself  to  the 
thoughtful  citizen,  when  described  to  him,  as  one  in  which  strenuous 
and  wholesome  effort  and  keen  competition  must  necessarily  be  found, 
and  to  which  he  is  willing  to  confide  the  large  expenditure  and  vital 
interest  involved  in  the  preparation  of  the  fighting  material  for  defence. 

46  I  wish  to  anticipate  a  suggestion  which  may  possibly  be  made, 
tending  to  separate  the  class  of  military  engineers  from  those  who 


ORDNANCE  DEPARTMENT  AS  AN  ENGINEERING  ORGANIZATION       85 

work  in  civil  pursuits.  Your  lives  are  spent  in  an  effort  to  improve 
the  facilities  of  the  world  for  increasing  the  happiness  and  promoting 
the  general  well-being  of  its  inhabitants.  You  build  great  connecting 
links  to  enable  people  on  one  side  of  enormous  obstacles  to  pass  con- 
veniently and  safely  to  the  other  side;  you  provide  means  of  wonder- 
ful efficiency  whereby  hundreds  of  thousands  of  people  who  are  not 
where  they  want  to  be  in  this  restless  world,  are  transported  daily  with 
the  speed  of  the  wind  to  the  places  where  they  think  they  would 
rather  be.  You  are  even  now  emancipating  these  insatiable  travelers 
from  the  necessity  for  combination,  and  are  placing  at  the  individual 
door  a  machine  of  infinite  patience  to  wait  during  meal  hours  and 
sleeping  time,  and  with  no  claim  for  consideration  as  to  fatigue  or 
ennui,  until  such  time  as  the  whim  or  convenience  of  its  master  may 
call  upon  it  to  carry  him  at  railroad  speed  to  any  place  to  which  other 
engineers  may  have  built  a  practicable  road. 

47  In  all  this  are  you  set  apart  from  the  military  engineer  who 
works  to  create  means  of  destruction,  and  whose  effort  is  not  to  pro- 
mote the  pleasure  of  life  but  to  produce  means  for  smashing  and 
damaging,  for  maiming  and  destroying;  whose  utiHzation  retards 
progress  in  the  pursuit  of  happiness,  and  necessitates  a  process  of 
recuperation  before  its  interrupted  course  can  be  pursued  again  from 
the  point  at  which  it  was  cut  off. 

48  It  would  be  almost  disloyal  to  the  enlightened  giver  of  this 
splendid  shelter  in  which  we  find  ourselves  this  evening  to  say  a  word 
of  discouragement  to  the  efforts  for  universal  peace  in  which  he  has 
shown  such  a  profound  and  serviceable  interest;  but  those  efforts  are 
not  best  promoted  by  ignoring  their  limitations,  and  by  maintaining  in 
the  face  of  much  sincere  conviction  that  wars  may  soon  come  entirely 
to  an  end.  I  beUeve  in  the  utility  of  peace  conferences.  I  appreciate 
the  evidence  that  the  one  of  1899  at  The  Hague  produced  an  arbitra- 
tion convention  which  has  already  served  good  purposes;  and  I  am 
satisfied  that  it  is  entirely  possible,  and  more  than  probable  that  the 
next  conference,  already  arranged  at  that  place,  may  improve  the 
International  Court  of  Arbitration  so  that  the  submission  of  differ- 
ences to  it  may  be  more  easy  and  inviting,  and  the  failure  to  do 
so  may  be  a  more  direct  and  responsible  challenge  to  the  public 
opinion  of  the  world  than  at  present.  But  we  have  only  to  consult 
history,  and  not  very  ancient  history  at  that,  to  find  instances  of  con- 
flict in  which  arbitration  would  have  been  in  no  wise  possible.  The 
very  latest  of  the  great  wars  affords  an  example. 

49  When  the  peace  conference  of  1899  first  assembled  at  The 
Hague,  there  was  an  effort  made  to  induce  the  powers  represented  to 
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make  a  binding  agreement  that  they  would  submit  certain  classes 
of  dispute  to  arbitration.  When  this  effort  failed  there  were  substi- 
tuted for  its  expression  in  the  treaty  of  arbitration  various  forms  of 
moral  pressure,  designed  to  promote  a  resort  to  this  method  of  settling 
differences.  The  most  pronounced  of  these  forms  of  pressure  was 
that  embodied  in  Article  27  of  the  treaty,  which  declared  that  when- 
ever two  nations  should  be  involved  in  a  dispute  which  threatened 
to  become  acute,  it  should  be  the  duty  of  all  the  other  signatory 
powers  of  the  treaty  to  remind  these  two  that  the  Court  of  Arbitra- 
tion was  open  to  them.  The  article  was  made  prominent  by  consid- 
erable discussion  before  its  acceptance;  but  no  single  power  considered 
it  worth  while  to  fulfill  the  duty  which  it  had  engaged  to  perform,  by 
reminding  either  Russia  or  Japan  that  the  civilized  world  looked  to 
them  to  carry  their  causes  of  disagreement  before  The  Hague  tribunal 
and  abide  by  the  result.  It  was  in  this  case  recognized  that  arbitration 
was  not  possible.  But  I  think  that  we  can  find  in  comparatively  recent 
history  lessons  which  go  farther  than  this  one,  and  show  that  in  certain 
cases  arbitration  is  not  only  impossible  but  would  be  undesirable. 

50  Our  war  with  Spain  was  based  upon  the  conceived  necessity 
for  terminating  the  rule  of  her  government  in  Cuba;  we  believed  that 
her  incapacity  for  keeping  order,  for  providing  for  the  security  of  life 
and  property,  and  for  preserving  livable  conditions  in  general  had 
been  so  demonstrated  that  it  was  necessary  to  use  the  land  and  naval 
forces  of  the  United  States  to  terminate  her  jurisdiction  therein, 
and  deny  her  further  sovereignty  over  the  island.  What  must  have 
been  the  action  of  a  court  of  arbitration  upon  this  proposition? 
Courts  must  be  guided  by  the  law  and  the  precedent  and  the  estab- 
lished order  as  they  exist  at  time  of  trial  of  the  case.  Our  contention 
was  to  terminate  the  possession  in  which  Spain  was  firmly  established 
by  all  the  rules  of  international  law.  No  court,  whatever  its  sympa- 
thies or  views  of  the  general  welfare  might  have  been,  could  have 
found  justification,  in  any  of  the  principles  to  which  it  would  have  had 
to  look  for  guidance,  for  decreeing  that  Spain's  lawful  ownership  of 
Cuba  must  come  to  an  end  against  her  will,  and  that  the  disposition 
of  the  island,  either  for  annexation,  autonomy  or  independence  should 
be  turned  over  to  the  United  States.  There  is  no  process  which  a 
court  could  have  considered  by  which  the  final  result  might  have  been 
brought  about,  against  Spain's  protest,  except  that  of  war.  If  the 
result  was  desirable,  here  is  a  case  in  which  war  served  a  better  pur- 
pose than  could  have  been  served  even  by  a  court  sympathizing  with 
the  object,  but  guided  by  its  conscience  and  by  its  oath. 

51  Nearly  half  a  century  ago  the  people  of  a  part  of  these  United 
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States  made  up  their  minds  finally  that  slavery  was  wrong,  and  should 
not  be  extended;  the  people  of  another  section  were  equally  positive 
and  sincere  and  conscientious  in  their  conviction  that  slavery  was 
right  and  ought  to  be  extended.  The  Supreme  Court  of  the  United 
States,  following  the  Constitution  and  the  statutes,  found  itself  com- 
pelled to  decide  that  slaves  w-ere  property,  and  as  such  could  be 
taken  by  their  owners  into  the  new^  territory  of  the  United  States,  to 
be  there  entitled  to  its  protection. 

52  In  the  solution  of  this  difference  there  W'as  involved  the  ques- 
tion of  the  right  of  a  state  to  withdraw  from  the  Union.  A  distin- 
guished son  of  Massachusetts,  a  veteran  soldier  on  the  Union  side  of 
the  Civil  War,  has  recently  made  a  careful  argument  to  show  that  the 
question  of  secession  was  not  decided,  w^as  not  intended  to  be  decided 
and  was  recognized  as  being  impossible  of  decision,  at  the  time  of  the 
formation  of  this  government.  If  this  learned  gentleman  is  right, 
and  if  the  Supreme  Court  of  the  United  States  was  right,  the  settle- 
ment of  one  phase  of  the  great  Civil  War  question  by  judicial  process 
must  have  been  entirely  uncertain,  and  the  settlement  of  the  other, 
and  morally  speaking  by  far  the  more  important  phase,  w'ould  un- 
doubtedly by  such  process  have  been  adverse  to  the  conclusion  which 
was  finally  reached,  and  of  the  righteousness  and  general  benefit  of 
which  there  is  now  no  shadow  of  doubt  in  any  portion  of  the  entire 
civilized  w^orld. 

53  In  1877  Russia  W'ent  to  w^ar  wdth  Turkey  in  order  to  compel 
that  nation  to  bring  to  an  end  the  barbarities  which  were  being  in- 
flicted upon  the  Christian  people  of  the  Balkan  Provinces.  In 
accordance  with  international  law^,  Turkey  was  sovereign  in  those 
provinces  and  had  the  right  to  treat  her  subjects  therein  in  accord- 
ance with  the  dictates  of  her  ow-n  conscience.  The  war  smashed  this 
right,  and  brought  to  an  end  the  Bulgarian  atrocities,  efTecting  the 
practical  independence  of  Bulgaria.  The  results  of  the  war  alone 
would  have  been  better  than  those  finally  secured,  W'hen  a  deliberative 
conference  at  Berlin  partially  undid  the  work  of  the  sword,  and  left 
Macedonia  in  a  subject  position,  to  be  the  source  of  future  trouble. 

54  The  American  colonies  went  to  war  with  the  mother  country 
in  resistance  to  the  principle  of  taxation  without  representation.  Dur- 
ing the  progress  of  the  war  it  became  evident  that  harmony  and  satis- 
faction would  not  be  restored  by  concession  on  the  part  of  Great 
Britain  of  the  main  point  contended  for  by  the  colonists.  These  con- 
cluded that  nothing  short  of  complete  independence  would  satisfy 
their  lofty  aspirations  and  grant  them  that  right  of  self-government 
In  the  struggle  which  they  were  ready  to  embark  their  lives,  their 
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fortunes,  and  their  sacred  honor.  Great  Britain  was  very  far  from 
being  ready  to  consider  even  practical,  and  far  less  complete  and 
theoretical  independence' for  the  colonies.  She  had  not  yet  learned 
the  lesson  as  to  the  treatment  of  colonies  which  our  Revolutionary 
War  went  so  far  in  teaching  her;  though  she  never  again  treated 
other  colonial  dependencies  as  she  had  attempted  to  treat  those  in 
America,  the  lesson  of  the  war  was  needed  to  show  her  that  it  was 
neither  right  nor  possible  nor  profitable  to  treat  colonies  as  regions  to 
be  drained  of  their  wealth  for  the  benefit  of  the  home  country.  The 
principle  of  taxation  without  representation  was  well  established  by 
the  usage  of  the  world;  it  could  not  be  upset  by  any  process  not  revo- 
lutionary in  its  nature,  while  the  withdraw^al  of  the  colonies  from 
British  sovereignty  was  completely  beyond  and  without  the  pale  of 
all  law  w^hich  could  be  laid  down  and  followed  by  any  tribunal  which 
could  have  been  called  upon  to  pass  upon  the  situation.  No  court 
would  have  had  an}'^  choice  but  to  deny  a  petition  for  a  decree  of 
independence,  if  the  colonists  could  have  been  wild  enough  to  present 
such  a  petition,  or  could  it  have  been  possible  to  convene  a  court  for 
receiving  it.  So  the  fathers  declared  that  "  When,  in  the  course  of 
human  events  it  becomes  necessary  for  one  people  to  dissolve  the 
political  bands  which  have  connected  them  with  another,  and  to 
assume  among  the  powers  of  the  earth  the  separate  and  equal  station 
to  w^hich  the  laws  of  nature  and  of  nature's  God  entitle  them,  a  decent 
respect  for  the  opinions  of  mankind  requires  that  they  should  declare 
the  causes  which  impel  them  to  the  separation." 

55  Here  is  the  w^hole  matter,  A  necessity  is  conceived  for  chang- 
ing the  organic  law,  by  force  if  resisted,  and  the  only  obhgation  resting 
upon  those  who  decide  to  take  the  change  into  their  hands  is  that  they 
shall  have  such  deference  to  pubUc  opinion  as  to  set  forth  their  case  to 
the  world  and  appeal  to  the  right  thinking  for  approval  of  their  effort. 
If  the  independence  of  the  United  States  was  a  good  principle  to  be 
secured,  here  again  is  a  case  where  war  achieved  a  better  result  than 
could  have  been  accomplished  by  arbitration. 

56  It  seems  possible  that  one  better  skilled  in  the  study  of  inter- 
national law  might  evolve  an  acceptable  generalization  from  these 
and  other  instances  which  could  be  found  in  history,  and  lay  down  a 
principle  that  the  established  order,  as  contained  in  the  whole  body 
of  international  law  and  usage,  and  custom,  being  the  product  of 
human  wisdom,  is  subject  to  being  wrong,  and  to  being  found  inap- 
plicable to  changed  conditions  and  relations  which  arise  in  the  prog- 
ress of  the  world;  that  when  such  is  found  to  be  the  case  it  is  clear 
that  the  existing  law  should  be  changed;  but  that  when  such  change 
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is  resisted  by  a  community  whose  interest  is  supposedly  or  actually 
bound  up  in  the  wrong  order,  there  is  no  judicial  process  by  which  the 
change  can  be  effected;  that  the  process  must  be  a  revolutionary  one, 
and  that  resistance  entails  that  the  revolution  must  be  brought  about 
by  force,  that  is  by  war.  And  the  people  which  has  become  satisfied 
that  the  change  is  necessary  must  state  its  case  to  the  world,  gird  on 
the  sword,  and  guided  by  its  conscience  and  hoping  for  the  approval  of 
the  public  opinion  of  mankind,  must  resort  to  the  only  process  by 
which  that  change  which  it  believes  makes  for  the  highest  good,  can  be 
accomplished. 

57  In  the  cases  cited  in  which  the  United  States  has  been  involved, 
it  seems  to  me  that  thoughtful  people  must  admit  either  that  our 
country  has  been  wrong,  or  that  the  outcome  has  been  better  than 
that  which  could  have  been  granted  by  any  court  which  it  would  have 
been  possible  to  convene  at  the  times  when  we  entrusted  our  case  to 
the  God  of  Battles,  in  belief  in  the  justice  of  whose  decisions  we  hold 
up  our  heads  today, 

58  May  I  hope  that  you  will  concede  that  in  passing  our  lives  in 
the  effort  to  improve  the  means  for  sustaining  the  nation's  case  in  an 
appeal,  in  accordance  with  its  conscience,  for  some  great  good  which 
it  is  beyond  the  power  of  any  court  to  grant,  to  an  arbitrament  of 
higher  jurisdiction  than  that  of  any  court,  military  engineers  are  not 
unworthy  to  be  classed  as  workers  with  yourselves  for  the  supreme 
good  of  the  human  race. 
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PROCEEDINGS  OF  THE  INDIANAPOLIS 
MEETING 

The  Spring  Meeting  of  1907  was  held  in  Indianapolis,  Indiana,  May 
28-31.  It  was  highly  successful  by  reason  of  the  large  attendance, 
the  interest  in  the  professional  sessions,  and  the  entertainment  pro- 
vided by  the  Local  Committee. 

A  session  was  devoted  to  the  automobile,  two  sessions  to  super- 
heated steam,  and  at  the  other  two  professional  sessions  miscellaneous 
subjects  were  discussed. 

COMMITTEES   OF   THE    INDIANAPOLIS   MEETING 

The  following  is  a  list  of  the  Chairmen  of  the  Committees  for  the 
Spring  Meeting  at  Indianapolis.  General  Chairman  of  the  Local 
Committee,  Mr.  J.  R.  Whittemore;  the  Finance  Committee,  Mr.  L. 
M.  Wainwright;  the  Ladies'  Committee,  Mr.  William  Rockwood; 
the  Entertainment  Committee,  Mr.  H.  H.  Rice;  the  Hotel  Com- 
mittee, Mr.  W.  G.  Wall;  the  Printing  and  Press  Committee,  Mr. 
Theo.  Weinshank. 

TUESDAY    EVENING    SESSION 

The  meeting  was  opened  Tuesday  evening,  May  28,  by  an  address 
of  welcome  by  Mayor  Bookwalter  of  Indianapolis,  to  which  President 
Hutton  responded.  An  informal  reception  was  afterward  held  in 
the  parlors  of  the  Claypool  Hotel. 

THE   WEDNESDAY    MORNING    SESSION 

At  the  Wednesday  morning  session  the  reports  of  the  Committees 
were  presented,  the  iDusiness  of  the  Society  transacted,  and  the  fol- 
lowing reports  and  professional  papers  read: 

Report  of  the  Committee  on  Standard  Proportions  for 
Machine  Screws.     The  Committee 

Discussed  by, 

E.  H.  Berry,  L.  D.  Burlingame,  G.  A.  Gulowsen,  Fred  J.  Miller,  Sanford  A- 
Moss,  E.  H.  Neff,  Oberlin  Smith,  John  W.  Upp,  D.  A.  Wallace,  H.  K- 
Jones,  in  behalf  of  the  Committee;  J.  M.  Carpenter,  E.  O.  Goss,  Prof. 
F.  R.  Hutton. 
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Preliminary  Report  of  the  Committee  on  Refrigerating 
Machines^    The  Committee 

Discussed  by, 

Prof.  R.  C.  Carpenter,  F.  H.  Boyer,  R.  L.  Shipman. 

Collapsing  Pressures  of  Lap  Welded  Steel  Tubes,   Prof. 
R.  T.  Stewart 

The  Balancing  of  Pumping  Engines,  A.  F.  Nagle 

Discussed  by, 

I.  H.  Reynolds,  E.  H.  Foster. 

The  Economy  of  the  Long  Kiln,  E.  C.  Soper 

Discussed  by. 

Prof.  W.  D.  Ennis,   E.  A.  W.  Jefferies,   Prof.  R.  C.  Carpenter,  Byron   E- 
Eldred. 

WEDNESDAY   AFTERNOON 

On  Wednesday  afternoon  the  members  visited  the  Atlas  Engine 
Works,  the  National  Motor  Vehicle  Company,  the  Nordyke  &  Har- 
mon Plant  and  the  Perry  Manufacturing  Plant.  The  ladies  visited 
the  Eli  Lilly  Company  in  the  morning,  and  in  the  afternoon  were  taken 
in  automobiles  to  the  Country  Club  where  the  Social  Committee 
served  tea.  Mr.  William  Rockwood,  Chairman  of  the  Committee  for 
the  Entertainment  of  Ladies,  and  the  Indianapolis  ladies  who  assisted, 
provided  most  hospitable  entertainment. 

WEDNESDAY   EVENING    SESSION 

Ball  Bearings,  Henry  Hess 
Discussed  by, 
T.  J.  Fay 

Air  Cooling  of  Automobiles  Engines,  John  Wilkinson 
Materials  for  Automobiles,  Elwood  Haynes 

Railway  Motor  Cars,  B.  D.  Gray 

Discussed  by, 

Prof.  W.  F.  M.  Goss,  H.  Emerson,  William  Forsyth,  C.  D.  Young. 

^  This  report  was  not  presented  for  adoption,  and  therefore  is  not  published  in 
this  volume. 
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THURSDAY  MORNING    SESSION 

The  Specific  Heat  of  Superheated  Steam,  A.  R.  Dodge 

Discussed  by, 

Prof.  S.  A.  Reeve,  Prof.  R.  C.  Carpenter,  H.  B.  Dirks,  Prof.    W.  F.  M. 
Goss,  Prof.  F.  C.  Wagner,  Prof.  D.  S.  Jacobus,  A.  H.  Kruesi. 

The  Flow  of  Superheated  Steam  in  Pipes,  E.  H.  Foster 

Discussed  by, 

F.    Koester,   H.   Webster,   Prof.   D.   S.  Jacobus,  E.  H.  Foster,  M.  E.  R. 
Toltz,  A.  H.  Kruesi. 

Superheat  and  Furnace  Relations,  R.  P.  Bolton 

Discussed  by, 

M.  E.  R.  Toltz,  J.  R.  Brown,  A.  H.  Kruesi,  H.  Webster. 

Entropy  Lines  op  Superheated  Steam,  Prof.  A.  M.  Greene 

The  Cost  of  Heating  Store  Houses,  H.  0.  Lacount 

Discussed  by, 

Prof.  W.  D.  Ennis,  E.  N.  Trump,  W.  F.  Hendry,  J.  H.  Kinealy 

THURSDAY    AFTERNOON 

Thie  members  and  ladies  attended  the  unveiling  of  the  Lawton  Mon- 
ument on  Thursday  afternoon,  when  President  Roosevelt  made  an 
address.  Special  seats  had  been  secured  by  the  Local  Committee 
for  the  Society  and  its  guests. 

THURSDAY    EVENING 

The  formal  reception  was  held  in  the  parlors  of  the  Claypool  Hotel 
when  the  members  and  guests  were  received  by  President  Frederick 
R.  Hutton  and  Mrs.  Hutton,  Secretary  Calvin  W.  Rice  and  Mrs.  Rice, 
Chairman  of  the  Local  Committee,  J.  R.  Whittemore  and  Mrs.  Whitte- 
more. 

FRIDAY 

Friday  was  spent  at  Purdue  University.  The  representatives  of 
the  University  met  the  visitors  at  the  gate  and  escorted  them  to  the 
Chapel  where  an  address  of  welcome  was  made  by  Dr.  W.  F.  M.  Goss, 
Dean  of  the  School  of  Engineering,  Purdue  University,  to  which 
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President  Hutton  responded.      The  last  of  the  professional  sessions 
was  held  at  the  University. 

At  the  close  of  the  professional  session  a  delightful  luncheon  was 
served  in  the  Agricultural  Building  after  which  the  visitors  were  con- 
ducted over  the  grounds,  and  special  visits  made  to  the  laboratories. 
The  Locomotive  Testing  Laboratory  was  found  unusually  interesting 
because  of  its  collection  of  historic  locomotives.  A  Committee  of 
ladies  from  the  University  received  the  ladies  of  the  party  and  very 
graciously  provided  for  their  entertainment. 

PROFESSIONAL  SESSION  AT  PURDUE 

Cole  Locomotive  Superheaters,  Prof.  W.  F.  M.  Goss 

Discussed  by, 

H.  H.  Vaughan,  F.  J.  Cole,  A.  H.  Kruesi. 

Experiences  w^ith  Superheated  Steam,  G.  H.  Barrus 
Discussed  by, 

M.  E.  R.  Toltz,  A.  H.  Kruesi,  E.  H.  Foster. 
Use  of  Superheated  Steam  in  an  Injector,  S.  L.  Kneass 
Superheated  Steam  on  Locomotives,  H.  H.  Vaughan 

Discussed  by, 
M.  E.  R.  Toltz. 

Analysis  of  Locomotive  Tests,  Prof.  S.  A.  Reeve 

Discussed  by. 

Prof.  W.  F.  M.  Goss,  Prof.  William  Kent. 

Materials  for  the  Control  of  Superheated  Steam,  M.  W. 
Kellogg 

Discussed  by, 

J.  R.  Brown,  A.  H.  Kruesi,  M.  E.  R.  Toltz. 


PROCEEDINGS    OF   THE    INDIANAPOLIS    MEETING  95 

APPENDIX 

THE  NEW  HEADQUARTERS  OF  THE  SOCIETY 

The  Society  moved  into  its  new  offices  on  the  eleventh  floor  of  the 
Engineering  Societies  Building  at  29  West  39th  Street,  New  York, 
on  January  1,  The  spacious  offices  afford  the  room  so  much  needed 
for  the  increasing  activities  of  the  Society. 

The  house  at  12  West  31st  Street,  except  the  Library,  was  closed 
at  the  same  time.  The  Library  was  moved  to  the  new  building  on 
March  1.  It  occupies,  together  with  the  libraries  of  the  American 
Institute  of  Electrical  Engineers  and  the  American  Institute  of  Min- 
ing Engineers  the  entire  twelfth  and  thirteenth  floors;  the  twelfth 
floor  being  used  as  a  stack  room,  and  the  thirteenth  affording  unusual 
facilities  for  a  reading  room  by  reason  of  its  skylights  and  broad  win- 
dows from  which  a  splendid  view  may  he  had  of  the  north  and  south 
parts  of  the  city,  of  the  East  River  on  the  east,  and  of  the  Palisades 
of  the  Hudson  on  the  west, 

ANDRREW  CARNEGIE,  HONORARY  MEMBER 

At  a  meeting  of  the  Council  of  the  Society,  April  16,  1907,  the 
following  nomination  for  Honorary  Member  was  presented. 

To  THE  Council  of  The  American  Society  of  Mechanical  Engineers 

The  undersigned  members  of  the  Society  hereby  propose  Andrew  Carnegie 
as  a  candidate  for  Honorary  Membership  in  The  American  Society  of  Mechan- 
ical Engineers.  In  compliance  with  paragraph  C  13  of  the  Constitution,  we  pre- 
sent the  following  grounds  for  the  nomination: 

Andrew  Carnegie  is  the  Greatest  Ironmaster  the  World  has  Ever 

Known. 

E.  B.  Archer 
John  A.  Brashear 
John  Fritz 
John  E.  Sweet 
[Signed]  Thomas  Fitch  Rowland 

S.  T.  Wellman 
Charles  Wallace  Hunt 
Chas.  H.  Haswell 
Thomas  A.  Edison 
Charles  H.  Morgan- 
Worcester  R.  Warner 

As  required  by  the  Constitution,  election  to  honorary  membership 
must  be  without  a  dissenting  vote,  and  the  Council  was  unanimous 
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in  conferring  the  greatest  honor  in  the  power  of  the  Society  upon  Mr 
Carnegie. 


NEW   JUNIOR    BADGE 


The  Membership  Committee,  with  the  approval  of  the  Council, 
has  adopted  a  new  badge  for  the  Junior  grade  of  membership.  The 
badge  is  of  the  same  design  and  form  as  the  Members'  badge, 
but  is  crimson  instead  of  blue.  The  reason  for  the  change  is  that 
the  old  form  of  Junior  badge  is  unlike  the  recognized  emblem  of  the 
Society,  and  on  that  account  is  not  satisfactory. 

Business  Presented  and  Transacted  at  the  Wednesday  Morn- 
ing, May  29,  Session  of  the  Indianapolis  Meeting 

elections  to  membership 

The  following  were  declared  elected  to  membership  m  the  Society, 
upon  the  ballot  of  March  30,  1907. 

Jakobsson,  Herman  Gustaf ,  Bethlehem 

MEMBERS  pg^ 

Jowett,  J.  H.,  New  York. 

Kiesel,  William  Frederic,  Jr.,  Altoona, 

Pa. 
Lees,  Ernest  James,  Cleveland,  Ohio. 
Leland,  Frederic  H.,   Mount  Vernon, 

N.  Y. 
Lighthipe,  William  Wilson,  New  York. 
Linzee,  A.  C,  Akron,  Ohio. 
Lombard,  Nathaniel,  Akron,  Ohio. 
Luhr,  Otto,  Chicago,  111. 
Luther,  Stephen  Grinnell,  Buffalo,  N.Y. 
MacFarland,  Helon  Brooks,  Chicago,Ill. 
Merritt,  Arthur  A.,  New  York. 
Moore,  Samuel  L.,  Elizabeth  N.  J. 
Pharr,   Henry  Newton,   Olivier,   La. 
Potter,  James  C,  Pawtucket,  R.  I. 
Rice,  Charles  DeLos,  Hartford,  Conn. 
Sedgwick,  Edward  V.,  Paris,  France. 
Sherman,  Willis  Durwood,    Brooklyn, 

N.  Y. 
Taylor,  George  W.  K.,  New  York. 
Warren,     Ambrose     Gilmore,     Phila- 
delphia, Pa. 
Warren,  Kenneth  Loyola,  Fraser\ille, 

Quebec,  Canada. 
"Whittlesey,  James  Thomas,  Montclair, 

N.  J. 


Bigelow,  Frank  Burr,  Chicago,  111. 

Bocorselski,  F.  E.,  Springfield,  Mass. 

Canniff,  W.  L.,  New  York. 

Carhart,  Alfred  Bangs,  Charlestown, 
Mass. 

Carle,  Nathaniel  Allen,  New  York. 

Chamberlain,  Harry  Maynard,  Dor- 
chester Center,  Mass. 

Connon,  George  William,  New  York. 

Cooke,  George  William,  Buffalo,  N.  Y. 

Delany,  Charles  Henry,  Barberton, 
Ohio. 

Dunbar,  James  Horace,  Cleveland, 
Ohio. 

Elliott,  Elmer  George,  Perth  Amboy, 
N.  J. 

Farquhar,  Francis,  York,  Pa. 

Farrar,  Edward,  Johannesburg,  S. 
Africa. 

Gladding,  Wanton  Martin,  New  Bed- 
ford,  Mass. 

Haines,  Edward  Preston,  Columbus, 
Ohio. 

Hecht,  Julius  Lawrence,  Chicago,  111. 

Hinds,  Fred  Sumner,  Boston,  Mass. 

Humphrey,  Orman  Brown,  Bangor, 
Me. 
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Wright,  Reginald  Ashmun,  Sherl)roolvo, 
Quebec. 

PROMOTED  TO  MEMBEU 

Ball,   Fred  Ossian,   Plainfield,  N.  J. 
Barnes,    Eliphalet    Austin,     Syracuse, 

N.  Y. 
Dickerman,      Walter      Carter,      New 

York. 
Holmes,   William   Grant,   Erie,   Pa. 
Isham,  Henry  Smyth,  New  York. 
Lockwood,  J.  Fred.,  Brooklyn,  N.  Y. 
Matthews,    John    G.,    Three    Rivers, 

Mich. 
Rumsey,  Spencer  Smith,  Duluth,  Minn. 
Salter,  T.  F.,  Philadelphia,  Pa. 
Tait,  G.  M.  S.,  New  York. 
Thomas,  Edward  G.,  Boston,  Mass. 
Tower,  Daniel  Webster,  Grand  Rapids, 

Mich. 
Weymouth,  Clarence  R.,  San  Francisco, 

Cal. 
Wood,    Arthur    Julius,  State    College, 

Pa. 

ASSOCIATES 

Brendlinger,  William  B.,  New  York. 
Chase,  Leon  Wilson,  Lincoln,  Neb. 
Clergue,    Bertrand    Joseph,  Sault  Ste 

Marie,   Ontario,   Canada. 
Davis,  Thomas  B.,  Columbus,  O. 
DeGaigne,    Oscar    Victor,    Worcester, 

Mass. 
Frankenberg,   George  Theodore,   East 

Columbus,  Ohio. 
Gay,  Harry,  Yonkers,  N.  Y. 
Marshall,  Stewart  McC,  Johnstown,  Pa. 
Moore,  Harold  T.,  Philadelphia,  Pa. 
Ray,  Frederick  L.,  New  York. 
Rogers,  Fred  E.,  East  Orange,  N.  J. 
Schakel  J.  D.,  Yonkers,  N.  Y. 
Stanbrough,  D.  G.,  Norfolk,  Va. 


PROMOTED    TO    ASSOCIATE    GRADE 

Upson,    Maxwell    Mayhew,    Rockville, 

Conn. 
Wilson,  Lester  Godfrey,  Norfolk,   Va. 


JUNIORS 

Armstrong,  Walter  Jonas,  Columbus,  O. 
Arnold,  E.  B.,  Milwaukee,  Wis. 
Bixby,  Walter,  Hyde  Park,  Mass. 
Bourquin,   Jas.  T.,   Detroit,   Mich. 
Brooks,  J.  Ansel,  Providence,  R.  I. 
Coale,  Harvey  M.,  Ardmore,  Pa. 
Crofoot,   Geo.   Emerson,   Phila,,   Pa. 
Cunningham,  Robt.  H.,  Jr.,  New  York 
Danks,  Alfred  C,  Pittsburg,  Pa. 
Dean,  Arthur,  M.,  Hagerstown,  Md. 
Dirks,  Henry  Bernard,  Urbana,  111. 
Doud,  Arthur  T.,  New  York. 
Duden,  Emil  Gustave,  Oakmont,  Pa. 
Dunn,  H.  A.,  East  Orange,  N.  J. 
Feicht,  Edward  R.,  Dayton,  O. 
Fisher,    H.    D.,    Philadelphia,  Pa. 
Fowler,  S.  D.,  State  College,  Pa. 
Eraser,  David  Ross,  Chicago,  111. 
Greenman,  Edwin  G.,  Cincinnati,  O. 
Griswold,  Roger  W.,  Erie,  Pa. 
Hackstaff,  F.  W.,  New  York. 
Johnson,  David  C,  Brooklyn,  N.  Y. 
Lucker,  G.  C,  Brooklyn,  N.  Y. 
McLean,   Robt.   W.,   Boston,   Mass. 
Macintire,  Horace  J.,  Boston,  Mass. 
Magee,   John,   Hamilton,   Montana. 
Manley,  Sumner  M.,  Kansas  City,  Kan. 
Pettengill,  Geo.  D.  Warsaw,  N.  Y. 
Pinger,  Geo.  C,  Warren,  Pa. 
Read,  Geo.  F.,  Jr.,  Fall  River,  Mass. 
Reno,  Harold  P.,  Saylesville,  R.  I. 
Roys,  Lawrence,  Three  Rivers,  Mich. 
AVilson,  Geo.  S.,  Seattle,  Washington. 


SUMMARY 

Election  to  full  membership 41 

Election  to  Associate  grade 13 

Election  to  Junior  grade 33 

Promotion  to  Member  grade 14 

Promotion  to  Associate  grade 2 

Total  number  declared  elected 103 
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AMENDMENT  TO  BY-LAW  36 

To  conform  with  C59,  the  following  amendment  to  B36  was  voted 
by  the  Council  to  take  effect  immediately. 

Ballots  for  an  amendment  to  the  Constitution  shall  be  canvassed  and  announced 
in  the  same  manner  as  the  ballots  for  officers  of  the  Society.  The  President  shall 
appoint  three  Tellers  to  canvass  any  letter  ballots  which  shall  be  ordered  by  the 
Council  or  by  the  Society  and  to  certify  the  same  to  the  President. 

AMENDMENTS    TO    THE    CONSTITUTION 

The  following  amendments  to  CSS  and  C45  of  the  Constitution 
were  presented  to  the  Membership  as  provided  by  Section  57, 
voted  upon,  and  passed  by  the  ballot  closing  March  4. 

AMENDMENT   NO.    1 

To  add  to  the  end  of  Section  C38  the  following: 

The  Council  may  also  in  its  discretion  appoint  a  person  of  the  grade  of  Member 
to  be  an  Honorary  Secretary  of  the  Society  for  a  term  not  to  exceed  one  year,  but 
he  may  be  reappointed  from  year  to  year.  He  shall  perform  such  duties  as  may 
be  assigned  to  him  by  the  Council  which  are  in  conformity  with  the  Constitution 
and  By-Laws,  and  with  or  without  compensation  as  the  Council  may  direct. 

AMENDMENT    NO.    2 

To  add  to  Article  C45  after  the  words: 

"House  Committee"  the  words  "Research  Committee." 

The  membership  is  hereby  notified  of  these  amendments. 


No.  1142 

STANDARD  PROPORTIONS  FOR  MACHINE 
SCREWS 

Revised  Report  of  the  Committee  on  Standard  Proportions 
FOR  Machine  Screws 

To  The  American  Society  of  Mechanical  Engineers: 

Having  considered  the  suggestions  which  have  been  made  since  the 
original  report  was  presented  at  the  New  York  Meeting,  in  December, 
1905,  your  Committee  now  has  the  honor  to  present  the  following 
amended  report. 

2  It  has  been  found  advisable  to  change,  except  in  three  instances, 
the  nominal  outside  diameters  for  the  standard  sizes  of  machine 
screws,  and  to  include  in  this  new  list  certain  additional  sizes.  The 
change  in  the  sizes  originally  proposed  varies  only  from  0.001  inch  to 
0.003  inch,  and  avoids  an  impracticable  degree  of  departure  from  the 
already  established  screw  gage  diameters. 

3  The  Standard  Diameters  for  Machine  Screws  shall  be  the  21 
sizes  given  in  Table  1. 

4  The  included  angle  of  the  thread  shall  be  60  degrees,  with  flat 
at  top  and  bottom  of  the  thread  for  the  basic  standard  of  one-eighth 
of  the  pitch,  as  originally  recommended. 

5  The  uniform  increment  between  all  sizes  from  0.060  inch  to 
0.190  inch  is  0.013  inch,  and  between  0.190  inch  and  including  0.450 
inch  is  0.026  inch.  This  conforms  approximately  to  the  list  of  screw 
gage  sizes  originally  established,  in  which  the  increment  in  0.01316 
inch. 

6  This  evidently  avoids  impracticable  final  decimals,  and  forms  a 
series  in  which  the  sizes  have  a  definite  relation  to  each  other. 

7  Your  Committee  has  also  thought  it  advisable  to  make  this 
change,  not  only  in  the  interest  of  simplicity  and  the  use  of  fewer 
significant  figures,  but  also  because  the  resulting  pitch  diameters  are 
more  nearly  in  accord  with  the  pitch  diameters  of  machine  screws  in 
present  use. 

This  final  Report  of  the  Committee  on  Standard  Proportions  for  Machine 
Screws  was  accepted  at  the  Indianapolis  Meeting  (May  1007),  of  The  American 
Society  of  Mechanical  Ensineers,  and  forms  part  of  Volume  29  of  the  Trans- 
actions. 
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TABLE  1     STANDARD  MACHINE  SCREWS 


Basic  and  Maximum  Screw  Diameters 

Minimum  Screw  Diameters 

External  diam.and 

Pitch 

Root 

External 

Pitch 

Root 

No.  thds.  per  in. 

diameter 

diameter 

diameter 

diameter 

diameter 

.060—80 

.0519 

.0438 

.0572 

.0505 

.0410 

.073—72 

.0640 

.0550 

.0700 

.0625 

.0520 

.086—64 

.0759 

.0657 

.0828 

.0743 

.0624 

.099—56 

.0874 

.0758 

.0955 

.0857 

.0721 

.112^8 

.0985 

.0849 

.1082 

.0966 

.0807 

.125—44 

.1102 

.0955 

.1210 

.1082 

.0910 

.  138—40 

.1218 

.1055 

.1338 

.1197 

.1007 

.  151—36 

.1330 

.1149 

.1466 

.1308 

.1097 

.  164—36 

.1460 

.1279 

.1596 

.1438 

.1227 

.  177—32 

.1567 

.1364 

.1723 

.1544 

.1307 

.190—30 

.1684 

.1467 

.1852 

.1660 

.1407 

.216—28          , 

.1928 

.1696 

.2111 

.1904 

.1633 

.242—24 

.2149 

.1879 

.2368 

.21.23 

.1808 

.268—22          i 

.2385 

.2090 

.2626 

.2358 

.2014 

.294—20 

.2615 

.2290 

.2884 

.2587 

.2208 

.320—20 

.2875 

.2550 

.3144 

.2847 

.2468 

346—18 

.3099 

.2738 

.3402 

.3070 

.2649 

.372—16 

.3314 

.2908 

.3660 

.3284 

.2810 

.398—16 

.3574 

.3168 

.3920 

.3544 

.3070 

.424—14 

.3776 

.3312 

.4178 

.3745 

.3204 

.450—14          1 

.4036 

i            .3572 

.4438 

.4005 

.3464 

8  The  pitches  are  a  function  of  the  diameter,  as  expressed  by  the 
formula, 

6.5 

threads  per  inch  =  tS^TTw^o 

and  the  results  are  given  approximately  and  in  even  numbers  in  order 
to  avoid  the  use  of  fractional  or  odd  number  threads. 

9  In  recommending  certain  limits  for  variation  from  the  basic 
standard,  the  maximum  screw  shall  conform  practically  in  all  respects 
to  the  basic  standards.  The  minimum  screw  shall  have  a  flat  at 
bottom  of  the  thread  of  one-sixteenth  of  the  pitch  and  the  difference 
between  the  maximum  and  the  minimum  root  diameter  will  allow  at 
bottom  of  the  thread  any  width  of  flat  between  one-sixteenth  and 
one-eighth  of  the  pitch,  thus  providing  allowance  for  variation.  See 
diagram.  Fig.  1. 

10  The  maximum  tap  shall  have  a  flat  at  top  of  the  thread  equal 
to  one-sixteenth  of  the  pitch  and  the  difference  between  maximum 
and  minimum  external  diameter  will  allow  at  the  top  of  thread  of  tap 
any  width  of  flat  between  one-sixteenth  and  one-eighth  of  the  pitch. 
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11  The  minimum  tap  shall  conform  to  the  basic  standard  in  all 
respects  except  diameter,  as  clearly  shown  by  the  diagram  Fig.  1. 

12  The  difference  between  the  minimum  tap  and  the  maximum 
screw  provides  an  allowance  for  error  in  pitch,  or  lead,  and  for  the 
wear  of  tap  in  service. 

13  The  form  of  tap  thread  shown  in  the  diagram  is  recommended 
as  being  stronger  and  more  serviceable  than  the  so-called  V  thread, 
but  it  has  been  suggested  that  strict  adherence  to  the  form  shown 
might,  in  the  case' of  small  taps,  add  to  their  cost. 

14  Your  Committee  would  say,  however,  that  taps  with  V  threads 
and  with  the  correct  angle  and  pitch  diameters  used  in  connection 
with  tap  drills  of  correct  diameter,  are  permissible.  This  will  also 
utilize  a  large  proportion  of  the  V  thread  taps  now  in  stock. 

TABLE  2 

Formulae  fob  Proposed   Standard  for  Machine  Screws  and  Taps.     Basic  Standard 

Thread,  U.  S.  Fokm 


.336 


Max.  external  diam.   =   basic  external  diam. 
Max.  pitch  diam.         =   basic  pitch  diam. 
Max.  root  diam.  =   basic  root  diam. 

Min.  external  diam.     =   basic  external  diam. 
Min.  pitch  diam.  =   basic  pitch  diam. 

Min.  root  diam.  ==   basic  root  diam. 

TAPS 

.10825  .224 

Max.  external  diam.     =   Imsic  external  diam.       +     ~^;7^—    + 


T.P.I. +  40 

.168 
T.P.I. +  40 
.  10825 


+ 


,168 


I.P.I.        T.P.I.  +  40 


Max.  pitch  diam.  =    l)asic  pitch  diam.  + 


T.P.I.        T.P.I. +  40 
.224 


Max.  root  diam.  =    l)asic  root  diam.  +    - 

Min.  external  diam.      =   basic  external  diam.      + 


T.P.I. +  40 
.336 


T.P.I. +  40 

.112 

'LP  J. +  40 

.112 
Min.  pitch  diam.  =   basic  pitch  cHam.  +     r,.  p  y   ..p. 


Min.  root  diam.  =    basic  root  diam. 

Note  — T.  P.  I.  •=  threads  per  ioch. 


.112 
"''     T.P.I. +  40 
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TABLE  3 
Proposed  Standard  of  Machine  Screws 
Differences  Between  Maximum  and  Minimum  Diameters 


Threads  per  inch 

External 

Pitch 

Root 

80 

.0028 

.0014 

.0028 

.  72 

.0030 

.0015 

.0030 

64 

.0032 

.0016 

.0033 

66 

.0035 

.0017 

.0037 

48 

.0038 

.0019 

.0042 

44 

.0040 

.0020 

.0045 

40 

.0042 

.0021 

.0048 

36 

.0044 

.0022 

.0052 

32 

.0047 

.0023 

.0057 

30 

.0048 

.0024 

.0060 

28 

.0049 

.0024 

.0063 

24 

.0052 

.0026 

.0071 

22 

.0064 

.0027 

.0076 

20 

.0056 

.0028 

.0082 

18 

.0058 

.0029 

.0089 

16 

.0060 

.0030 

.0098 

14 

.0062 

.0031 

.0108 

Formulae 

.336 

.168 

.10825 

T.P.I.  +  40 

T.P.I. +40 

T.P.I.  "*" 

Note— T.P.I.  =  threads 

.168 

per  inch. 

T.P.I. +40 

STANDARD    REFERENCE   THREAD    GAGES 

15  Your  Committee  again  recommends  the  use  of  standard  refer- 
ence thread  gages  for  estabUshing  the  basic  outside  and  pitch  diame- 
ters, with  fiat  at  top  and  bottom  of  the  thread  of  one-eighth  of  the 
pitch,  to  represent  exactly  in  every  detail,  the  data  required  for 
maintaining  the  standard  machine  screw  sizes  here  submitted. 

16  The  reference  thread  gages  include  also  reference  thread  gages 
for  screws  and  reference  thread  gages  for  taps,  each  of  these  represent 
the  limiting  diameters  and  details  for  the  maximum  and  minimum 
allowance,  as  compared  with  the  basic  standard  reference  thread 
gages. 

17  These  gages  are  represented  by  Fig.  2,  3,  and  4,  respectively, 
and  are  to  be  made  of  unhardened  steel,  of  0.35  per  cent  carbon,  plug 
gages  only,  as  originally  recommended  by  your  Committee  in  1905. 
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LIMITS   OF   VARIATION   IN    SCREW    AND   TAP    DIAMETERS 

18  In  carrying  out  the  principle  of  simplification,  your  Committee 
presents  herewith  revised  formulae  for  determining  the  limits  of 
variation    found   practical    for   screw    and    tap    diameters.     These 


!  ■ 

(  .242-24  M.  S.  STD.  BASIC  ) 

^^p^v^      Form  of  Thread 


Formula^ 


p=pitch=- 


1 


lumber  of  threads  per  inch 

ol=depth=px.6495 

FIG.  2     BASIC  STANDARD  REFERENCE  THREAD  GAGE 


TABLE  4    TAPS 


Size  and  no. 

Minimum 

Maximum 

thdi".  per  inch 

External 

Pitch 

Root 

External 

Pitch 

Root 

diameter 

diameter 

diameter 

diameter 

diameter 

diameter 

.060—80 

.0609 

.0528 

.0447 

.0632 

.0538 

.0466 

.073—72 

.0740 

.0650 

.0560 

.0765 

.0660 

.0580 

.086—64 

.0871 

.0770 

.0668 

.0898 

.0781 

.0689 

.099—66 

.1002 

.0886 

.0770 

.1033 

.0897 

.0793 

.112—48 

.1133 

.0998 

.0862 

.1168 

.1010 

.0887 

.125—44 

.1263 

.1116 

.0968 

.1301 

.1129 

.0995 

.138—40 

.1394 

.1232 

.1069 

.1435 

.1246 

.1097 

.151—36 

.1525 

.1345 

.1164 

.1669 

.1369 

.1193 

.164—36 

.1656 

.1475 

.1294 

.1699 

.1489 

.1323 

.  177—32 

.1786 

.1583 

.1380 

.1836 

.1598 

.1411 

.190—30 

.1916 

.1700 

.1483 

.1968 

.1716 

.1616 

.216—28 

.2176 

.1944 

.1712 

.2232 

.1961 

.1745 

.242—24 

.2438 

.2167 

.1896 

.2600 

.2184 

.1931 

.268—22 

.2698 

.2403 

.2108 

.2766 

.2421 

.2144 

.294—20 

.2959 

.2634 

.2309 

.3031 

.2652 

.2346 

.320—20 

.3219 

.2894 

.2569 

.3291 

.2912 

.2606 

.346—18 

.3479 

.3118 

.2757 

.3559 

.3138 

.2796 

.372—16 

.3740 

.3334 

.2928 

.3828 

.3354 

.2968 

-.398—16 

.4000 

.3594 

.3188 

.4088 

.3614 

.3228 

.424—14 

.4261 

.3797 

.3333 

.4359 

.3818 

.3374 

.450—14 

.4521 

.4057 

.3693 

.4619 

.4078 

.3634 
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formulae  for  screws  include  maximum  and  minimum  external,  root, 
and  pitch  diameters,  and  are  given  in  Table  2. 

19  The  limits  for  screws  for  each  pitch  are  given  in  Table  3,  and 
are  the  amounts  less  than  basic  standard  for  minimum  screws,  the 
maximum  limit  being  standard. 

TABLE  5 

Excess  of  Tap  Diameter  Over  Basic  Diameter  Based  upon  Each    Pitch  of  Thread 

Recommended 


Threads  per 
inch 


Excess  of  min. 

external,  pitch  and 

root  diam.  over 

basic 


Excess  of  max. 

external  diam. 

over  basic 


Excess  of  max. 

pitch  diam.  over 

basic 


Excess  of  max. 

root  diam.  over 

basic 


80 

.0009 

.0032 

.0019 

.0028 

72 

.0010 

.0035 

.0020 

.0030 

64 

.0011 

.0038 

.0022 

.0032 

66 

.0012 

.0043 

.0023 

.0035 

48 

.0013 

.0048 

.0025 

.0038 

44 

.0013 

.0051 

.0027 

.0040 

40 

.0014 

.0055 

.0028 

.0042 

36 

.0015 

.0059 

.0029 

.0044 

32 

.0016 

.0065 

.0031 

.0047 

30 

.0016 

.0068 

.0032 

.0048 

28 

.0016 

.0072 

.0033 

.0049 

24 

.0018 

.0080 

.0035 

.0053 

22 

.0018 

.0085 

.0036 

.0054 

20 

.0019 

.0091 

.0037 

.0056 

18 

.0019 

.0099 

.0039 

.0058 

16 

.0020 

.0108 

.0040 

.0060 

14 

.0021 

.0119 

.0042 

.0062 

Formula  = 

Formula  = 

Formula  = 

Formula  = 

.112 

.10825 
T.P.I. 

.224 

.336 

T.P.I. +  40 

T.P.I. +40 

T.P.I. +40 

.224 

T.P.I.+40 

Note — ^T.  P.  I. = threads  per  inch. 

Note — The  formulae  given  are  expressed  in  terms  of  threads  per  inch  instead  of 
pitch,  thus  avoiding  the  use  of  the  reciprocal  of  each,  which  obviously  involves  a 
greater  number  of  decimals. 


20  The  diameters  recommended  for  limits  for  taps  are  also  given 
herewith,  and  comprise  the  maximum  and  minimum  external,  root, 
and  pitch  diameters.  See  Table  4.  Table  5  shows  the  excess  of  tap 
diameter  over  that  of  basic  standard. 

These  formulae  also  provide  a  limit  to  allow  for  variation  of  pitch 
as  well  as  for  the  diameter  of  screw  and  taps. 
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21  Your  Committee  desires  to  state  again  that  the  screws  here 
considered  are  those  known  as  pressed  head  machine  screws;  are 
manufactured  in  great  quantities,  and  are  Usted  and  sold  to  the  trade 
by  the  gross.     These  formulae  however,  apply  equally  well  to  the 


TABLE  6  SPECIAL  SIZES 

Screws 

Basic  and  Maximdm  Scbew  Diameters 

Minimum  Screw  Diameters 

External  dia. 
and  no.  of 

Pitch   ; 

Root 

External 

-  Pitch 

Root 

diameter 

diameter 

diameter 

diameter 

diameter 

ihds.  per  inch 

.073—64 

.0629 

.0527        .0698 

.0613 

.0494 

.086—56   1 

.0744 

.0628        .0825 

.0727 

.0591 

.099—48   j 

.0855 

.0719        .0952 

.0836 

.0677 

.112—40 

.0958 

.0795        .1078 

.0937 

.0747 

—36 

.0940 

.0759        .1076 

.0918 

.0707 

.125—40 

.1088 

.0925        .1208 

.1067 

.0877 

—36 

.1070 

.0889        .1206 

.1048 

.0837 

.138—36 

.1200 

.1019        .1336 

.1178 

.0967 

—32 

.1177 

.0974 

.1333 

.1154 

.0917 

.  151—32 

.1307 

.1104 

.1463 

.1284 

.1047 

—30 

.1294 

.1077 

.1462 

.1270 

.1017 

.164—32 

.1437 

.1234 

.1593 

.1414 

.1177 

—30 

.1424 

.1207 

.1592 

.1400 

.1147 

.177—30 

.1653 

.1337 

.1722 

.1529 

.1277 

—24 

.1499 

.1229 

.1718 

.1473 

.1158 

.190—32 

.1697 

.1494 

.1853 

.1674 

.1437 

—24 

.1629 

.1359 

.1848 

.1603 

.1288 

.216—24 

.1889 

.1619 

.2108 

.1863 

.1548 

.242—20 

.2095 

.1770 

.2364 

.2067 

.1688 

.268—20 

.2355 

.2030 

.2624 

.2327 

.1948 

.294—18 

.2579 

.2218 

.2882 

.2550 

.2129 

.320—18 

.2839 

.2478 

.3142 

.2810        .2389 

.346—16 

.3054 

.2648 

.3400 

.3024 

.2550 

.372—18 

.3359 

.2998 

.3662 

.3330 

.2909 

.398—14 

.3516 

.3052 

.3918 

.3485 

.2944 

.424—16 

.3834 

.3428 

.4180 

.3804 

.3330 

.450—16 

.4094 

.3688 

.4440 

.4064 

.3590 

diameter  of  corresponding  sizes  if  made  by  machine  operation  from 
stock  which  is  the  diameter  of  the  required  head.  The  formulae  for 
heads  given  in  your  Committee's  report,  are  for  pressed  head  screws 
only. 

22  In  reference  to  the  discussion  of  the  original  report  of  your 
Committee  relative  to  heads  of  machine  screws  having  a  flat  top  and 
upper  corners  rounded,  this  has  been  carefully  considered,  but  your 
Committee  has  been  unable  to  find  in  any  published  lists  of  the  manu- 
facturers of  machine  screws  of  the  character  covered  by  this  report 


106 


STANDARD    PROPORTIONS    FOR    MACHINE    SCREWS 


any  reference  to  heads  of  this  kind.  This  form  of  head  has  therefore 
been  omitted.  The  heads  considered  and  shown  by  this  report  are 
those  commonly  used  and  Usted  by  all  the  leading  manufacturers  of 
such  machine  screws. 

23     Tables  6  and  7  are  here  given  covering  the  list  of  special  sizes 
of  screws  and  taps  with  the  additional  pitches  for  each,  which  are  in 

TABLE  7     SPECIAL  SIZES 
Taps 


Size  and   no. 

Minimum 

Maximum 

of    thds.    per 

inch 

External 

Pitch 

Root 

External 

Pitch 

Root 

diameter 

diameter 

diameter 

diameter 

diameter 

diameter 

.073—64 

.0741 

.0640 

.0538 

.0768 

.0651 

.0559 

.086—56 

.0872 

.0756 

.0640 

.0903 

.0767 

.0663 

.099—48 

.1003 

.0868 

.0732 

.1038 

.0880 

.0757 

.112 — 40 

.1134 

.0972 

.0809 

.1175 

.0986 

.0837 

—36 

.1135 

.0955 

.0774 

.1179 

.0969 

.0803 

.  125—40 

.1264 

.1102 

.0939 

.1305 

.1116 

.0967 

—36 

.1265 

.1085 

.0904 

.1309 

.1099 

.0933 

.13&— 36 

.1395 

.1215 

.1034 

.1439 

.1229 

.1063 

—32 

.1396 

.1193 

.0990 

.1445 

.1208 

.1021 

.  151—32 

.1526 

.1323 

.1120 

.1575 

.1338 

.1151 

—30 

.1526 

.1310 

.1093 

.1578 

.1326 

.1125 

.  164—32 

.1656 

.1453 

.1250 

.1705 

.1468 

.1281 

—30 

.1656 

.1440 

.1223 

.1708 

.1456 

.1255 

.  177—30 

.1786 

.1569 

.1353 

.1838 

.1585 

.1385 

—24 

.1788 

.1517 

.1247 

.1850 

.1534 

.1282 

.  190—32 

.1916 

.1713 

.1510 

.1965 

.1728 

.1541 

—24 

.1918 

.1647 

.1377 

.1980 

.1664 

.1412 

.216—24 

.2178 

.1907 

.1637 

.2240 

.1924 

.1672 

.  242—20 

.2439 

.2114 

.1789 

.2511 

.2132 

.1826 

.268—20 

.2699 

.2374 

.2049 

.2771 

.2392 

.2086 

.294—18 

.2959 

.2598 

.2237 

.3039 

.2618 

.2276 

.320—18 

.3219 

.2858 

.2497 

.3299 

.2878 

.2536 

.346—16 

.3480 

.3074 

.2668 

.3568 

.3094 

.2708 

.372—18 

.3739 

.3378 

.3017 

.3819 

.3398 

.3056 

.398—14 

.4001 

.3537 

.3073 

.4099 

.3558 

.3114 

.424—16 

.4260 

.3854 

.3448 

.4348 

.3874 

.3488 

.450—16 

.4520 

.4114 

.3708 

.4608 

.4134 

.3748 

use  for  purposes  requiring  a  different  number  of  threads  per  inch  than 
is  given  in  the  list  of  standards  recommended  by  your  Committee. 
The  formulae  are  alike  applicable  to  these  special  sizes  and  pitches  for 
limits,  in  external,  root,  and  pitch  diameters,  and  are  inserted  for 
convenience  of  reference. 

24    Table  8  gives  the  thickness  of  double  end  templet  thread  gages 
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TABLE  8 
Double  End  Templet  Thread  Gaoes  for  Inspection  op  Screws 

3  8 
Thickness  -  —j  +  0.113 


Threads  per  inch 

Thickness 

Threads  per  inch 

Thickness 

80 

0.161 

30 

0.239 

72 

0.166 

28 

-    0.249 

64 

0.172 

24 

0.271 

56 

0.180 

22 

0.28S 

48 

0.192 

20 

0.303 

44 

0.199 

18 

0.324 

40 

0.208 

16 

0.360 

36 

0.218 

14 

0.384 

32 

0.231 

for  each  pitch  of  the  standard  screws  recommended  for  the  practical 

inspection  of  machine  screws.     The  formula, 

Thickness  =  i/  pitch  X  1.443 

gives  the  maximum  limit  for  screws,  and  provides  also  a  limit  for 
the  error  in  lead  of  screws  and  taps.  It  applies  as  well  to  other 
special  pitches  covered  by  the  list  of  those  given  in  Tables  6  and  7. 


(.242-24  M.S.STD.  SCREW) 


form  of  Thread 

p=  piTCh=  number  of  threads  per  incK 


Formula  < 


d  =  olepth=px.70S65 
f.t=fla1-top  =  |- 
f.b.=flatbottom=-| 

FIG.  3     STANDARD  REFERENCE  THREAD  GAGES  FOR  SCREWS 

25  These  templet  thread  gages  to  be  made  of  steel,  hardened,  and 
double  end,  with  maximum  and  minimum  Umits,  respectively,  and  to 
represent  accurately  at  the  plus  end,  the  pitch  and  root  diameters  of 
the  basic  standard;  while  at  the  minus  end  they  should  represent  the 
minimum  limit  for  the  pitch  and  root  diameters  of  screws,  as  given  in 
columns  3  and  4,  of  Table  3. 


lOS 
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26  The  threads  of  these  templet  gages  to  be  made  by  taps  having 
the  thread  enough  larger  than  standard  in  outside  diameter  to  insure 
clearance  at  the  top  of  the  thread  of  the  screw. 

27  In  addition  to  the  threaded  or  tapped  holes,  these  gages  should 
have  plain  cylindrical  holes  representing,  respectively,  the  external 
diameter  of  the  maximum  and  minimum  screw. 

TABLE  9     TAP  DRILL  DIAMETERS,  STANDARD 


28  These  templet  gages  are  designed  to  admit  at  the  maximum 
end  all  screws  that  are  within  the  limits,  and  to  reject  all  screws  that 
are  larger,  while  screws  smaller  than  the  minimum  end  of  the  templet 


tt-^r 


Formula  -s 


number  o-f  threads  per  inch. 

d=depih=px.70365 
f.t=flattop  =  ^ 
f.b.=flat  bottom =|- 


V 
FIG.  4     REFERENCE  THREAD  GAGES  FOR  TAPS 


gage  are  thus  shown  to  be  less  in  diameter  than  is  specified  by  the 
minimum  limit  recommended  by  your  Committee. 

29     For  the  convenience  of  users  of, machine  screws  and  taps, 
Table  9  is  here  inserted,  giving  the  diameter  of  drills  for  holes  to  be 
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tapped  for  the  standard  machine  screws  covered  by  this  report,  and 
also  Table  10,  for  taps  included  in  the  list  of  special  sizes  and  pitches 
shown  in  Table  6.  The  diameter  given  for  each  hole  to  be  tapped 
allows  for  a  practical  clearance  at  the  root  of  the  thread  of  the  screw 
and  will  not  impose  undue  strain  upon  the  tap  in  service. 

HEADS    FOR    STANDARD    MACHINE   SCREWS 

30     Certain  changes  have  been  made  necessary  in  the  tables  for 
the  dimensions  of  heads  for  standard  machine  screws,  due  to  the 

TABLE   10    TAP  DRILL  DIAMETERS,  SPECIAL 


difference  in  body  diameters,  as  compared  with  the  list  as  originally 
submitted,  and  are  given  in  Tables  11,  12,  13,  and  14.  The  formulae 
for  the  details  are  given  with  each  table,  with  the  type  of  each  style  of 
head  accompanying. 

31  The  list  of  heads  comprises  flat,  round,  flat  fillister  head,  and 
oval  fillister  head  screws. 

32  Flat  head  screws  have  an  included  angle  of  82  degrees,  which 
is  a  maximum  angle  for  this  style  head,  but  a  reduction  of  this  angle  of 
not  more  than  one  or  two  degrees,  due  to  the  wear  of  tools  in  their 
manufacture,  may  be  tolerated. 

33  Round  heads,  so  called,  are,  however,  in  axial  cross  section,  a 
semi-ellipse,  hence  formulae  B  and  C  cover  all  the  practical  details 
for  determining  their  form. 
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TABLE  11     FLAT  HEAD  SCREWS 

A   =   diameter  of  body 

B  =  2A-.008  =  diameter  of  head 

C    = '- =  thickness  of  head 

1.739 

D   =    .173A+.015   =  width  of  slot 

E  =   §C  =  depth  of  slot 


A 

B 

C 

D 

E 

.060 

.112 

.030 

.025 

.010 

.073 

.138 

.037 

.028 

.012 

.086 

.164 

.045 

.030 

.015 

.099 

.190 

.062 

.032 

.017 

.112 

.216 

.060 

.034 

.020 

.126 

.242 

.067 

.037 

.022 

.138 

.268 

.076 

.039 

.026 

.151 

.294 

.082 

.041 

.027 

.164 

.320 

.090 

.043 

.030 

.177 

.346 

.097 

.046 

.032 

.190 

.372 

.105 

.048 

.035 

.216 

.424 

.120 

.052 

.040 

.242 

.476 

.135 

.067 

.045 

.268 

.628 

.150 

.061 

.050 

.294 

.680 

.164 

.066 

.055 

.320 

.632 

.179 

.070 

.060 

.346 

.684 

.194 

.076 

.065 

.372 

.736 

.209 

.079 

.070 

.398 

.788 

.224 

.084 

.075 

.424 

.840 

.239 

.088 

.080 

.450 

.892 

.254 

.093 

.085 
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TABLE  12     ROUND  HEAD  SCREWS 

A  =  diam.  of  body 

B  =  1. 85A-.  005  =  diam.  of  head 

C  =      .  7A  =  height  of  head 

D  =  .173A+  .015  =  width  of  slot 

E  =  ^C+.Ol  =  depth  of  slot 


A 

B 

C 

D 

E 

.060 

.106 

.042 

.025 

.031 

.073 

.130 

.051 

.028 

.035 

.086 

.154 

.060 

.030 

.040 

.099 

.178 

.069 

.032 

.044 

.112 

.202 

.078 

.034 

.049 

.125 

.226 

.087 

.037 

.053 

.138 

.250 

.097 

.039 

.058 

.151 

.274 

.106 

.041 

.063 

.164 

.298 

.115 

.043 

.067 

.177 

.322 

.124 

.046 

.072 

.190 

.346 

.133 

.048 

.076 

.216 

.394 

.151 

.052 

.085 

.242 

.443 

.169 

.057 

.094 

.268 

.491 

.188 

.061 

.104 

.294 

.539 

.206 

066 

1)3 

.320 

.587 

.224 

.070 

.122 

.346 

.635 

.242 

.075 

.131 

.372 

.683 

.260 

.079 

.140 

.398 

.731 

.279 

.084 

.149 

.424 

.779 

.297 

.088 

.158 

.450 

.827 

.315 

.093 

.167 
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TABLE  13     FLAT  FILLISTER  HEAD  SCREWS 

A   =  diam.  of  body 

B   =  1.64A  -.009  =  diam.  of  head 
C    =      .66A  -.002  =  height  of  head 
D  =      .173A+  .015  =  width  of  slot 

E   =  iC  =  depth  of  slot 


A 

B 

C 

D 

£ 

.060 

.0894 

.0376 

.025 

.019 

.073 

.1107 

.0461 

.028 

.023 

.086 

.1320 

.0548 

.030 

.027 

.099 

.1530 

.0633 

.032 

.032 

.112 

.1747 

.0719 

.034 

.036 

.125 

.1960 

.0805 

.037 

.040 

.138 

.2170 

.0890 

.039 

.044 

.151 

.2386 

.0976 

.041 

.049 

.164 

.2599 

.1062 

.043 

.053 

.177 

.2813 

.1148 

.046 

.057 

.190 

.3026 

.1234 

.048 

.062 

.216 

.3462 

.1405 

.052 

.070 

.242 

.3879 

.1577 

.057 

.079 

.268 

.4305 

.1748 

.061 

.087 

.294 

.4731 

.1920 

.066 

.096 

.320 

.6158 

.2092 

.070 

.104 

.346 

.5584 

.2263 

.075 

.113 

.372 

.6010 

.2435 

.079 

.122 

.398 

.6437 

.2606 

.084 

.130 

.424 

.6863 

.2778 

.088 

.139 

.450 

.7290 

.2950 

1 

.093 

.147 
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TABLE  14     OVAL  FILLISTER  HEAD  SCREWS 

A  =  diameter  of  body 

B  =  1 .64A   —  .009  =  diaiu.  of  head  and  rad.  for  oval 

C  =  0.66A  -  .002  =  height  of  side 

D  =      .  173A+  .015  =  width  of  slot 

E  =  4F  =  depth  of  slot 

F  =      .  134B  +  C  =  height  of  head 


.060 
.073 
.086 
.099 
.112 

.125 
.138 
.151 
.164 
.177 

.190 
.216 
.242 
.268 
.294 

.320 
.346 
.372 
.398 
.424 

.450 


.0894 
.1107 
.1320 
.1530 
.1747 

.1960 
.2170 
.2386 
.2599 
.2813 

.3026 
.3452 
.3879 
.4305 
.4731 

.5158 
.5584 
.6010 
.6437 
.6863 

.7290 


.0376 
.0461 
.0548 
.0633 
.0719 

.0805 
.0890 
.0976 
.1062 
.1148 

.1234 
.1405 
.1577 
.1748 
.1920 

.2092 
.2263 
.2435 
.2606 

.2778 

.2950 


.025 
.028 
.030 
.032 
.034 

.037 
.039 
.041 
.043 
.046 

.048 
.052 
.057 
.061 
.066 

.070 
.075 
.079 
.084 
.088 

.093 


E 

F 

.025 

.0496 

.030 

.0609 

.036 

.0725 

.042 

.0838 

.048 

.0953 

.053 

.1068 

.059 

.1180 

.065 

.1296 

.071 

.1410 

.076 

.1524 

.082 

.1639 

.093 

.1868 

.105 

.2097 

.116 

.2325 

.128 

.2554 

.140 
.150 
.162 
.173 
.185 

.196 


.2783 
.3011 
.3240 
.3469 
.3698 

.3927 


34  It  is  believed  by  your  Committee  that  the  use  of  the  formulae 
and  resulting  tables  here  given  will  insure  the  practical  interchange- 
ability  of  the  class  of  machine  screws  covered  by  this  report. 

Respectfully  submitted : 

Wilfred  Lewis,  Chairman. 
Charles  C.  Tyler, 
Horace  K.  Jones, 
John  Riddell, 
George  R.  Stetson. 
George  M.  Bond. 
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HISTORY    OF   THE    COMMITTEE 

35  The  Committee  was  appointed  to  consider  and  report  on  the 
question  of  Standard  Proportions  for  Machine  Screws  as  the  result  of  a 
resolution  passed  at  the  Boston  Meeting  in  1902,  following  a  paper 
presented  by  Mr.  Charles  C.  Tyler  at  that  meeting  and  the  discussion 
brought  out  by  it. 

36  The  Committee's  first  Report  was  presented  at  the  Annual  Meet- 
ing in  New  York,  December  1905,  where  it  was  discussed  and,  as  a 
result,  amended  and  again  presented  at  the  Chattanooga  Meeting 
in  May  1906.  After  some  further  changes  it  was  again  presented  and 
discussed  at  the  Annual  Meeting  held  in  New  York  in  December  of 
the  same  year  and  in  its  final  revised  form  was  presented  and  by 
unanimous  vote  of  the  Society,  accepted  at  the  Indianapolis  meeting 
in  May  1907. 

37  It  is  not  thought  advisable  to  print  in  the  Transactions  all 
the  preliminary  reports  and  of  course  much  of  the  discussion  upon 
them  would  not  be  pertinent  to  the  report  as  finally  adopted.  During 
the  period  of  over  three  years  in  which  the  Committee  had  the  seem- 
ingly small  but  really  large  and  important  matter  of  the  standardiza- 
tion of  machine  screws  under  consideration,  they  were  assisted  in  arriv- 
ing at  a  satisfactory  conclusion  by  various  manufacturers  making  and 
using  machine  screws  and  taps  and  dies  therefor  and,  so  far  as  the 
records  before  the  Publication  Committee  show,  by  the  suggestions  and 
discussions  of  the  Members  named  below. 

38  Edgar  H.  Berry  suggested  modifications  of  the  form  of  the 
thread  proposed ;  particularly  as  respects  the  amount  of  flattening  at 
the  top  and  bottom.  He  favored  the  adoption  of  the  U.  S.  Standard 
form  of  thread. 

39  L.  D.  Burlingame  suggested  flattening  the  tops  of  the  threads  | 
of  the  pitch  for  the  smaller  sizes  of  the  screws  and  yV  of  the  pitch  for 
the  larger  sizes  instead  of  ^  for  all  sizes,  as  had  been  proposed;  recom- 
mended a  greater  allowance  of  diameter  between  screws  and  the  corre- 
sponding taps  than  at  first  proposed;  the  adoption  of  a  series  of  screws 
having  threads  of  finer  pitches  than  those  in  common  use  as  being 
more  suitable  for  use  in  machine  tool  construction;  suggested  improve- 
ments in  the  proportions  and  forms  of  screw  heads;  the  adoption  of 
sizes  already  in  use  and  standardized  by  the  American  Screw  Com- 
pany, or,  if  that  were  not  practicable,  then  the  adoption  of  an  entirely 
new  list  having  sizes  in  regular  increment  progression;  the  adoption 
of  fractional  sizes  to  avoid  the  confusion  of  mixing  taps  and  dies  of 
different  systems;  the  adoption  of  a  system  of  gaging,  doing  away  with 
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the  use  of  the  ball-ended  micrometers;  slots  to  conform  to  the  slotting 
saws  already  on  the  market  and  in  general  use. 

40  G.  A.  Gulowsen  recommended  the  entire  abandonment  of 
special  series  of  sizes  and  of  special  forms  of  threads  for  machine 
screws  and  in  their  stead  the  addition  of  16  or  17  sizes  of  suitable 
diameters  down  to  ^  in.  to  the  present  list  of  U.  S.  Standard  threads 
for  bolts;  a  system  of  reference  and  limit  gages  which  he  fully  described 
and  illustrated. 

41  Fred  J.  Miller  suggested  the  adoption  of  a  flat  or  counter  sunk 
head  having  a  rounded  corner  as  being  neater  and  more  in  harmony 
with  modern  ideas  in  finishing  the  ends  of  shafts,  etc. 

42  Sanford  A.  Moss  advised  the  adoption  of  a  series  continuous 
with  the  U,  S.  Standard  screw  threads  for  bolts. 

43  E.  H.  Neff  presented  objections  to  adding  an  entirely  new  list 
of  sizes  and  advised  the  standardization  of  sizes  already  in  more  or 
less  general  use;  objected  to  what  he  considered  to  be  unnecessary  and 
inappropriate  refinement  in  tabulating  dimensions  of  screws  as  arrived 
at  by  the  use  of  specified  formulae  and  to  the  use  of  spherical  contact 
surfaces  on  micrometers  used  in  measuring  the  sizes  of  screw  threads 
instead  of  V  surfaces  made  to  fit  the  threads. 

44  Oberlin  Smith  objected  to  the  proposed  "mixing  up  of  trun- 
catings  of  ys  ^nd  |  the  pitch,  considering  it  to  be  an  unnecessary 
refinement  and  one  not  likely  to  be  followed  by  manufacturers; 
to  the  lack  of  regularity  in  the  increment  of  sizes  throughout  the 
series;  to  the  proposed  use  of  spherical-ended  micrometer  screws  for 
measuring  thread  diameters;  favored  the  80  deg.  angle  for  the  heads 
of  flat  headed  screws  and  objected  to  specifying  new  widths  of  slots. 
Incidentally  he  remarked  that,  "As  a  matter  of  fact,  the  statement 
sometimes  made  that  all  the  U.  S.  threads  are  too  coarse  is  not  true — 
for  who  of  us  has  not  been  more  bothered  with  stripped  threads 
than  broken  bolts,  especially  after  the  nuts  have  worn  loose,  or  in 
cases  where  the  makers  have  carelessly  made  them  loose." 

45  John  W.  Upp  advised  the  adoption  of  80  deg.  as  the  angle  for 
the  heads  of  flat  headed  screws  instead  of  82  deg.  as  had  been  pro- 
posed; the  reduction  of  the  size  of  the  heads  of  the  larger  screws  to  If 
times  the  diameter  of  the  body;  the  adoption  of  a  modified  form  of 
filHster  head  screw  with  the  head  having  a  rounded  corner;  the  use  of 
a  distinctive  mark  for  the  screws  to  be  adopted  and  widths  of  slots 
to  conform  to  the  thicknesses  of  commercial  slotting  saws. 

46  D.  A.  Wallace  advised  the  adoption  of  a  compromise  standard 
from  screws  already  in  use  rather  than  the  adoption  of  an  entirely 
new  system;  larger  allowances  of  variation;  the  dropping  of  needless 
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refinement  in  specifying  dimensions  of  screws  in  very  small  fractions 
of  an  inch  instead  of  leaving  this  to  be  done  by  manufacturers,  each 
according  to  his  own  idea;  the  adoption  of  slots  in  conformity  with 
commercial  slotting  saws;  deeper  slots  and  the  80  deg.  angle  for  flat 
heads. 

47  Upon  the  occasion  of  the  presentation  of  the  final  Report  Mr. 
H.  K.  Jones  of  the  Committee  said:  Your  Committee  in  this  report 
has  aimed  to  simplify  and  standardize  the  present  machine  screw  gage 
rather  than  introduce  a  new  one  embodying  radical  changes.  In  this 
it  has  followed  the  course  adopted  by  your  Committee  on  Pipe  Threads 
of  which  our  Mr.  George  M.  Bond  was  a  member  some  years  ago.  In 
that  case  the  Committee,  after  careful  consideration,  selected  and 
made  practical  application  of  the  original  Briggs  figures  and  formulae. 
The  result  was  a  complete  acceptance  of  their  recommendation  by  the 
makers  of  Pipe  and  Pipe  Fittings  and  a  very  great  benefit  to  the  people 
of  the  United  States. 

48  The  present  machine  screw  gage  is  numbered  consecutively 
from  0  to  30,  0  having  an  outside  diameter  of  0.05784  with  a  uniform 
increment  of  0.01316  between  the  sizes  and  an  outside  diameter  for 
30  of  0.45264 — five  decimal  places  for  each  increment.  This  gage 
is  in  use  for  both  machine  and  wood  screws.  For  machine  screws 
all  odd  numbers  above  10  are  omitted.  Many  of  the  makers  of  screw 
gage  sizes  of  machine  screws  are  also  large  makers  of  wood  screws. 

49  Practically  all  of  these  screws  are  made  of  blanks  with  upset 
heads  and  usually  of  wire  which  approximates  the  outside  diameters 
of  wood  screws. 

50  It  is  quite  important  to  these  makers  that  the  machine  screws 
may  be  made  from  the  same  size  blank  as  the  wood  screw. 

51  Your  Committee  finds  a  great  variation  in  form  and  depth  of 
threads  in  the  present  so  called  standards  for  machine  screws,  the 
resulting  flat  at  the  top  of  the  thread  varying  from  ^  to  more  than  I 
of  the  pitch.  The  pitch  diameters  are  proportionally  very  large  for  the 
small  screws,  and  small  for  the  large  ones.  Your  Committee  recom- 
mends making  outside  diameters  0.060  of  the  old  0,  and  0.450  of  the 
old  30,  with  a  uniform  increment  of  0.013  and  the  "Sellers"  or  U.  S. 
form  of  thread.  This  brings  the  proposed  pitch  diameters  nearer  the 
present  practice  than  any  other  system  your  Committee  has  been  able 
to  devise.  Of  course  there  are  some  differences  that  are  irreconcilable. 
That,  however,  is  not  the  fault  of  the  proposed  standard  but  of  the 
old  one.  The  allowance  for  variation  in  outside  diameters  will  permit 
the  use  of  the  same  wire  as  at  present  in  nearly,  if  not  all  cases.  A 
liberal  allowance  for  variation  in  outside  diameters  is  very  important 
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to  the  makers  of  machine  screws,  as  it  enables  them  to  devote 
more  attention  to  pitch  diameter,  which  is  the  most  important  thing. 

52  The  diagram  and  tables  show  a  liberal  allowance  for  clearance 
and  variation  at  top  and  bottom  of  thread  without  allowing  undue 
variation  from  the  pitch  diameters  resulting  from  the  use  of  U.  S.  form 
of  thread. 

53  In  the  matter  of  heads,  your  Committee  has  simply  standard- 
ized the  present  practice  of  the  largest  makers.  The  table  for  tap 
drill  sizes  has  been  selected  from  the  trade  lists  of  the  twist  drill 
makers,  and  as  the  intervals  between  their  sizes  are  irregular  there  is, 
in  some  cases,  considerable  variation  between  the  listed  diameter 
of  the  drills  and  the  maximum  root  diameter  of  taps.  It  should 
be  borne  in  mind  that  a  drill  usually  makes  a  hole  larger  than  itself. 

54  The  present  time  is  certainly  opportune  for  adopting  the 
proposed  standard  for  machine  screws.  Owing  to  the  unprecedented 
demand  for  nearly  all  kinds  of  goods  the  stock  of  old  screws  is  largely 
reduced,  hence  the  change  should  be  made  before  increased  facilities 
cause  another  accumulation. 

55  A  large  proportion  of  the  makers  of  machine  screws  and  taps 
are  heartily  in  favor  of  this  proposed  standard  and  are  ready  to  adopt 
it,  if  favorably  acted  upon  by  this  Society. 

56  Professor  Jacobus  expressed  himself  as  being  strongly  in  favor 
of  accepting  the  Report  as  being  the  best  in  all  probability,  to  which 
agreement  would  be  made. 

Mr.  J.  M.  Carpenter  said: 

57  While  I  am  now  a  new  member,  I  am  here  as  a  representative  of 
the  J,  M.  Carpenter  Company;  I  am  here  also  as  the  representative  of 
various  manufacturers  of  taps  and  dies  whose  combined  production 
is  more  than  90  per  cent  of  the  taps  and  dies  produced  in  this  country. 

58  Our  company  has  been  putting  machine  taps  on  the  market 
for  35  years  and  ours  was  the  first  company  to  do  this  commercially; 
hence  I  have  gone  through  all  the  tribulations,  vexations  and  troubles 
arising  in  every  way  with  the  growth  of  this  business  and  as  a  result  of 
that  experience,  I  am,  to  an  extent,  in  a  position  to  judge  what  this 
means  to  the  tap  and  die  manufacturers,  as  well  as  what  it  means  to 
the  screw  manufacturers.  As  the  representative  of  these  tap  and 
die  makers  for  the  past  year  and  a  half,  I  have  been:  in  close  touch 
with  the  work  of  your  Committee,  and  I  am  free  to  say  that  from  the 
knowledge  and  experience  I  have  gained  during  that  time  with  the 
action  of  your  Committee  I  am  fully  satisfied  that  when  we  take  into 
consideration  what  has  gone  before;  the  condition  of  the  market,  the 
fact  that  there  are  hundreds  of  millions  of  machine  screws  consumed 
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every  year  in  this  country,  and  that  the  question  of  a  standard  or  no 
standard  has  raised  tremendous  interest  in  the  subject  among  those 
concerned,  relief  is  certainly  desirable.  As  this  subject  has  been  before 
this  Society  for  five  years,  people  who  are  concerned  are  beginning 
to  think  that  if  some  action  is  not  taken  very  soon,  there  will  be  no 
hope  of  accomplishing  anything  whatever  in  this  direction.  Our 
company  has  deferred  making  special  standards  of  its  own  for  over 
a  year,  as  some  of  the  large  consumers  of  screws  have  done,  but  we 
shall  have  to  make  such  standards  in  the  near  future  unless  one  is 
adopted  for  the  United  States,  and  so  indorsed  thatwe  can  rely  upon  it. 

59  We  have  asked  the  other  manufacturers  to  wait,  to  hold  off 
saying  we  believed  something  would  be  done.  Now  if  this  thing  is  not 
brought  to  a  conclusion  and  each  of  the  large  companies  goes  on  and 
makes  its  own  separate  standard,  it  will  only  add  confusion  to  the 
already  chaotic  condition  which  it  seems  to  me  has  lasted  about  long 
enough. 

60  I  most  earnestly  hope  that  this  Report  of  this  Committee,  which 
I  believe  to  be  the  best  that  can  be  had  for  the  practical  solution  of  this 
problem,  all  things  being  considered,  and  which  is  thoroughly  satis- 
factory to  the  tap  and  die  makers,  will  be  accepted.  I  speak  as  their 
representative  and  I  believe  I  can  also  speak  as  the  representative  of 
most  of  the  screw  makers. 

Mr.  E.  0.  Gosssaid; 

61  As  a  manufacturer  of  machine  screws  I  am  obliged  to  second 
the  remarks  of  Mr.  Carpenter  in  regard  to  the  chaotic  condition  of 
affairs  at  present.  I  will  say,  furthermore,  that  our  people  are  com- 
mitted to  the  endorsement  of  the  Report  of  this  Committee;  that  we 
are  prepared  as  soon  as  the  necessary  reference  gages  and  standards 
can  be  produced  to  supply  screws  in  accordance  with  the  Report  of 
this  Committee  and  will  be  very  happy  to  adopt  them  as  our  standard. 
I  think  I  can  also  consistently  speak  for  many  other  manufacturers  of 
machine  screws  operating  in  our  vicinity. 

62  Messrs.  Burlingame  and  Neff,  who  by  their  discussion,  of  the 
preliminary  reports  raised  several  points  which  were  favorably  con- 
sidered by  the  Committee,  expressed  themselves  as  satisfied  that  the 
report  as  finally  presented  meets  the  requirements  for  the  class  of 
screws  under  consideration. 

CLOSURE 

The  Committee  made  its  final  statement  as  follows: 

63  The  Report  of  your  Committee  as  here  presented,  while  differ- 
ing slightly  in  the  recommended  range,  limits  of  variation  and  specified 
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diameters  of  machine  screws  and  the  taps  corresponding,  from  that 
presented  at  the  Chattanooga  Meeting,  is  the  result  of  long  continued 
conferences  with  the  manufacturers  and  users  of  machine  screws  and 
taps,  their  experience  and  their  practical  judgment  and  reasons  for  it 
submitted  being  the  basis  on  which  these  changes  were  made. 

64  As  the  character  of  the  product  under  consideration  by  your 
Committee  from  the  start,  is  now  generally  understood,  and  as  this 
product  forms  a  large  and  important  class  of  manufactures  and  of 
wide  application,  it  was  inevitable  that  criticism  should  arise,  due  to 
misapprehension  of  the  character  and  scope  of  this  work. 

65  The  Report  as  now  presented  and  accepted,  will,  in  the  opinion 
of  your  Committee,  be  found  to  meet  the  practical  requirements  of 
the  case,  and  to  obviate  in  future  the  non-interchangeability  of  such 
screws  and  their  corresponding  taps.  This  should  establish  the  opera- 
tion of  such  a  standard  upon  a  simple  and  practical  basis. 

66  Your  Committee  desires  here  to  express  its  appreciation  of 
the  service  rendered  by  Mr.  D.  A.  Wallace,  Member  of  the  Society, 
for  valuable  data  in  relation  to  limits  for  screw  and  taps,  and  also 
desires  to  record  its  appreciation  and  thanks  for  the  hearty  coopera- 
tion of  the  manufacturers  of  screws  and  taps  in  the  work  of  your  Com- 
mittee, thus  making  it  possible  to  accomplish  successfully  the  desired 
result. 

THE  REPORT  ACCEPTED  BY  THE  SOCIETY 

The  Report  of  the  Committee  was  accepted  without  a  dissenting  vote. 

AUMOMOHILE  ASSOCIATION  STANDARD  BOLTS  AND   NUTS 

During  the  consideration  of  the  Report,  Prof.  F.  R.  Hutton,  then 
Secretary  of  the  Society,  contributed  the  following: 

The  Secretary  The  Association  of  Licensed  Automobile  Manu- 
facturers sometime  ago  appointed  a  Committee  on  Standard  Hexagon 
Screws  and  Hexagon  Nuts  to  consider  a  new  screw  standard  to  over- 
come, if  possible,  the  inconvenience  occasioned  by  the  number  and 
variety  of  special  threads  and  nuts  used  in  the  automobile  trade. 
This  committee  consisted  of  A.  L.  Riker,  H.  E.  Coffin,  H,  P.  Maxim, 
Charles  B.  King,  John  Wilkinson,  Russell  Huff  and  Henry  Souther. 

The  "Association  Bulletin,"  No.  18,*  embodying  the  report  of  this 
Committee,  says:  "During  recent  years,  however,  manufacturers  of 
fine  machinery  have  found  from  experience  that  for  a  large  portion  of 

'A  copy  of  this  Bulletin  may  be  obtained  upon  request  to  the  Association  of 
Licensed  Automobile  Manufacturers'  5  East  42d  Street,  New  York,  N.  Y. 
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their  work  the  United  States  standards  for  pitch  of  threads  have  been 
too  coarse,  and  the  dimensions  of  heads  and  nuts  too  large.  In  order 
to  secure  satisfactory  construction  special  fine  pitch  screw  threads  and 
smaller  nuts  have  had  to  be  made. 

"  It  is  assumed  that  where  screws  are  to  be  used  in  soft  material,  such 
as  cast  iron,  brass,  bronze  or  aluminum,  the  existing  United  States 
standard  pitches  will  be  used.  The  term  'screw'  is  intended  to  sup- 
plant the  present  so  called  'coupling  bolt'  and  'cap  screw.'  The  term 
'plain  hexagon  nut'  is  intended  to  supplant  the  present  so  called 
'United  States  standard  nut.'  The  term 'castle  nut'  is  given  to  a  new 
nut,  which  is  intended  to  be  used  where  a  positive  locking  system  is 
desired.  The  term  'facing'  is  given  to  a  relieved  portion  under  the 
screw  heads,  castle  nuts  and  plain  nuts." 

The  detailed  dimensions  and  specifications  of  the  screws,  castle 
and  plain  nuts  recommended,  from  I  in.  to  1  in.  inclusive,  are  shown 
in  the  cuts  published  in  the  "Bulletin." 

This  report  is  accompanied  by  the  following  specifications: 

MATERIAL 

"A  better  material  than  ordinarily  used  for  screws  is  deemed  neces- 
sary. The  selection  of  a  better  material  depends  to  a  considerable 
extent  upon  the  possibility  of  commercially  machining  it  in  screw 
machines.  Such  material  has  been  found  in  several  qualities  of  steel 
having  a  tensile  strength  of  not  less  than  one  hundred  thousand  (100,- 
0001b.)  pounds  per  square  inch,  and  an  elastic  limit  of  sixty  thousand 
(60,000  lb.)  pounds  per  sc^uare  inch,  as  compared  with  fifty  or  sixty 
thousand  (50,000  or  60,000  lb.)  pounds  per  square  inch  tensile 
strength  and  thirty-five  thousand  (35,0001b.)  pounds  per  square  inch 
elastic  limit  now  in  common  use.  The  screws  and  nuts  described  in 
this  standard  are  to  be  made  of  this  better  material.  Screws  are  to  be 
left  soft.  Screw  heads  are  to  be  left  soft.  The  plain  nuts  are  to  be 
left  soft.     The  castle  nuts  are  to  be  case  hardened. 

TOLERANCE 

"The  body  diameter  of  the  screws  shall  be  one-thousandth  (0.001) 
inch  less  than  the  nominal  diameter,  with  a  plus  tolerance  of  zero  and 
a  minus  tolerance  of  two-thousandths  (0.002)  inch.  The  nuts  shall  be 
a  good  fit,  without  perceptible  shake.  The  clearance  between  tops  of 
threads  and  bottoms  of  threads  in  nuts  shall  be  that  existing  in  the  pres- 
ent practice  of  machine  screw  makers;  that  is,  the  tap  shall  be  between 
two-thousandths  (0.002)  inch  and  three-thousandths  (0.003)  inch  large. 
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LENGTH  OF  THREADED  PORTION 


The  threaded  portion  of  screws  shall  be  one  and  one-half  (1^)  the 
body  diameters. 

Fig.  1  and  Table  1  following  give  in  summarized  form  details  as  to 
the  screws  and  nuts: 
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^   P- Flat  Top 
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screw  heads 

d  =  Diameter  of  cotter  pin 

FIG.  1     DETAILS  OF  SCREWS  AND  NUTS 
TABLE  I        TABLE   OF   DIMENSIONS   OF   SCREWS 
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All  dimensioas  in  inches.  All  heads  and  nuts  to  be  semi-finish.  Material 
for  all  screws  and  nuts — steel,  tensile  strength,  not  less  than  100,000  lb.  per 
square  inch,  and  elastic  limit  not  less  than  60  000  lb.  per  square  inch. 
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TABLE  2.     FORM  OF  THREAD,  UNITED  STATES  STANDARD 
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No.  1143 

COLLAPSING  PRESSURES  OF  LAP-WELDED 
STEEL  TUBES 

The  Effects  of  the  Distortion  Due  to  Successive  Retests  on 

THE  Collapsing  Pressures  of    10-Inch 

Lap-welded  Steel  Tubes.* 

By  prof.  REID  T.  STEWART,  PITTSBURG,  PA. 

Member  of  the  Society 

The  paper  to  which  this  is  a  supplement  was  presented  at  the  Chat- 
tanooga meeting  and  gives  the  principal  results  of  a  very  complete 
research  on  the  collapsing  pressures  of  commercial  lap-welded  steel 
tubes.  The  tubes  referred  to  in  that  paper  were  in  normal  condi- 
tion as  to  commercial  roundness;  whereas  this  supplement  deals 
with  tubes  that  are  commercially  abnormally  out-of-round. 

2  While  testing  the  10-inch  tubes  No.  445  to  454,  inclusive,  the 
conditions  were  found  to  be  such  that  with  the  apparatus  in  use,  it 
was  practicable  to  make  a  series  of  retests  on  each  of  these  tubes. 
This  was  rendered  possible  because  of  the  small  extent  of  the  recoil 
of  the  test  apparatus  which  for  these  tubes  caused  but  slight  perma- 
nent distortion  after  each  successive  failure.  Indeed  this  permanent 
distortion  in  some  cases  was  so  slight  after  the  first  failure  as  to  be 
scarcely  noticeable  to  the  eye.  See  Fig.  62,  which  is  a  reproduction 
of  a  photograph  taken  after  the  removal  of  No.  450  to  454  from  the 
test  apparatus,  after  the  completion  of  the  first  test. 

scheme  of  successive  retests 

3  The  scheme  of  these  retests  was  as  follows: 

a  Autographic  calipering  diagrams  of  the  tubes,  before  inser- 
tion in  the  Hydraulic  Test  Cylinder,  were  made  in  order 
to  determine  the  precise  initial  out-of-roundness  of  the 

*  Supplement  to  a  paper  by  the  author  on  "  The  Collapsing  Pressures  of  Lap- 
Welded  Steel  Tubes."  See  Transactions  of  The  American  Society  of  Mechanical 
Engineers,  Volume  27,  pp.  730-822. 

Presented  at  the  Indianapolis,  Ind.,  Meeting.  (May,  1907)  of  The  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of  the  Transac- 
tions. 
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tube  at  each  foot  along  its  length.  (See  Volume  27,  pp. 
746-752,  of  the  Transactions  of  this  Society.) 

6  The  tube  was  then  inserted  in  the  test  cylinder  and  a  fluid 
collapsing  pressure  was  gradually  applied  as  in  the  pre- 
vious experiments,  care  being  taken  to  stop  the  hydrau- 
lic pressure  pump  instantly  on  the  gages  showing  that 
failure  had  occurred. 

t  The  tube  after  removal  from  the  test  cylinder  was  carefully 
calipered  for  the  purpose  of  determining  the  permanent 
distortion  it  had  suffered,  after  which  it  was  reinserted 
and  the  test  proceeded  with  as  before.  In  this  way  for 
tubes  of  comparatively  thin  walls,  10  inches  outside 
diameter  and  20  feet  long,  a  series  of  decreasing  collaps- 
ing pressures  was  had  corresponding  to  a  series  of  increas- 
ing departures  from  roundness. 

TABLE    OF    SUCCESSIVE    RETESTS    ON    10-INCH   TUBES 

4     Table  63,  showing  the  successive  retests,  is  an  abstract  from  the 
Log  of  Collapsing  Tests,  and  shows  the  effects  of  retesting  No.  445 


Fig,  62     From  PHOToaRAPH  of  Tests  No.  450-454,    Showing    the    Slight   Permanent 

Distortion  Resulting  from  the  First  Failure  of  the  Tubes.     Place  of 

Failure  Indicated  by  Arrow 


to  454,  inclusive,  according  to  the  scheme  above  indicated.     The 
complete  data  relating  to  the  first  test  of  each  of  these  experimental 
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TABLE  63 

Sdccessive   RETEai's  ON   National  Tube  Company's  Lap-wbldbd  Bessemer-steei, 
Tubes,  10  Inches  Outside  Diameter,  and  20  Feet  Long 

By  R.  T.  Stewart,  1905 


1 

2 

3 

4 

5 

6 

7 

8 

MAX.    CD.    •^- 

TEST 
NO. 

KETEST 
NO. 

collapsing 

pressure, 

POUNDS 

AFTER     COLLAPSE 

MIN.    O.D.    AT 
PLACE  OF  COL- 
LAPSE 

REMARKS 

PER  SQUARE 

INCH 

MAX.O.D. 

MIN.  CD. 

BEFORE 

AFTER 

INCHES 

INCHES 

TESTING 

TESTING 

445 



210 

11.18 

8.67 

1.024 

1.289 

Nominal  o.  d.    =    10  in. 

1 

87 

11.37 

8.42 

1.289 

1.350 

Actual      average     outside 

2 

82 

11.44 

8.34 

1.350 

1.372 

diam.   =    10.037  in. 

3 

77 

11.66 

7.95 

1.372 

1.467 

Average  thickness  of  wall 

4 

70 

11.68 

7.89 

1.467 

1.480 

=    0.167  in. 

5 

70 

12.18 

6.72 

1.480 

1.813 

Plain  end  weight  per  ft.  = 

6 

60 

12.83 

5.36 

1.813 

2.394 

17.58  lbs. 
Length  of  tube   =    20  ft. 
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225 

10.44 

9.60 

1.021 

1.088 

Nominal  o.  d.     =     10  iu. 

1 

150 

10.52 

9.30 

1.088 

1.131 

Actual      average      outside 

2 

135 

10.76 

9.12 

1.131 

1.180 

diam.  =    10.031  in. 

3 

115 

10.83 

9.00 

1.180 

1.203 

Average  thickness  of  wall 

4 

110 

10.89 

8.92 

1.203 

1.221 

=  0.167  in. 

5 

105 

10.96 

8.80 

1.221 

1.245 

Plain  end  weight  per  ft.  = 

6 

100 

11.03 

8.67 

1.245 

1.272 

17.59  lbs. 

7 

95 

11.10 

8.48 

1.272 

1.309 

Length  of  tube    =    20   ft 

8 

90 

11.17 

8.36 

1.309 

1.336 

9 

85 

11.24 

8.20 

1.336 

1.371 

10 

80 

11.37 

7.82 

1.371 

1.454 

11 

75 

11.52 

7.50 

1.454 

1.536 
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240 

10.58 

9.50 

1.020 

1.114 

Nominal  o.  d.  =   10  in. 

1 

150 

10.71 

9.30 

1.114 

1.152 

Actual      average      outside 

2 

135 

10.96 

8.94 

1.152 

1.226 

diam.   =    10.045  in. 

3 

115 

11.16 

8.70 

1.226 

1.283 

Average  thickness  of  wa 

4 

100 

11.50 

8.06 

1.283 

1.427 

=   0.166  in. 

5 

80 

12.00 

7.04 

1.427 

1.705 

Plain  end  weight  per  ft.  = 

17.50  lbs. 
Length  of  tube  =  20  ft. 
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240 

10.52 

9.51 

1.025 

1.106 

Nominal  o.  d.  =    10  in. 

1 

175 

11.08 

8.86 

1.106 

1.251 

Actual      average      outside 

2 

115 

11.18 

8.74 

1.251 

1.279 

diam.   =    10.035  in. 

3 

■  110 

11.25 

8.63 

1.279 

1.304 

Average  thickness  of  wall 

4 

105 

11.33 

8.55 

1.304 

1.325 

=  0.170  in. 

Plain  end  weight  per  ft.  = 

17.94  lbs. 

Length  of  tube  =  20  ft. 

449 

■ 

210 

10.60 

9.48 

1.023 

1.118 

Nominal  o.  d.   =    10  in. 

1 

135 

10.70 

9.31 

1.118 

1.149 

Actual     average     outside 

2 

120 

10.82 

9.11 

1.149 

1.188  ' 

diam.  =  10.055  in. 

3 

110 

10.96 

8.90 

1.188 

1.230  1 
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TABLE  63— CONTINUED 

Successive  Retests  on   National  Tube  Company's  Lap-weiiDBD  Bessemer-steel 
Tubes,  10  Inches  Outside  Diameter,  and  20  Feet  Long 


MAX.  O.D.-i-MIN 

collapsing 

AFTER  COLLAPSE 

O.     D.    AT    PLACE 

TEST 

RETEST 

PRESSURE, 

OF  COLLAPSE 

PEE  SQUARE 

MAX.  O.  D. 

MIN.O.D. 

BEFORE 

AFTER 

INCH 

INCHES 

INCHES 

TESTING  TESTING 

449 

4 

100 

11.04 

8.71 

1.230 

1.268 

Average  thickness  of  wall 

Con- 

5 

90 

11.16 

a.  57 

1.268 

1.302 

=  0.157  in. 

tinued 

6 

80 

11.22 

8.37 

1.302 

1.341 

Plain    end   weight   per   ft. 

7 

76 

11.31 

8.18 

1.341 

1.383 

=  16.55  lbs. 

8 

70 

11.37 

8.08 

1.383 

1.407 

Length  of  tube  =  20  ft. 

9 

65 

11.88 

6.70 

1.407 

1.773 

450 



425 

10.71 

9.32 

1.029 

1.149 

Nominal  o.  d.  =   10  in. 

1 

230 

10.92 

9.05 

1.149 

1.207 

Act.  ave.  o.  d.  =  10.027  in. 

2 

195 

11.07 

8.83 

1.207 

1.254 

Average  thickness  of  wall 

3 

175 

11.34 

8.48 

1.254 

1.337 

=   0.206  in. 

4 

145 

11.57 

7.81 

1.337 

1.482 

Plain  end  weight  per  ft.  = 

21.57  lbs. 
Length  of  tube  =  20  ft. 

451 

— 

390 

10.79 

9.28 

1.020 

1.163 

Nominal  o.  d.  =   10  in. 

1 

205 

10.97 

9.02 

1.163 

1.216 

Act.  ave.  o.  d.  =  10.029  in. 

2 

175 

11.17 

8.78 

1.216 

1.272 

Average  thickness  of  wall 

3 

150 

11.52 

8.41 

1.272 

1.370 

=    0.194  in. 
Plain  end  weight  per  ft.  = 

20.35  lbs. 
Length  of  tube  =  20  ft. 

452 



305 

10.62 

9.33 

1.025 

1.138 

Nominal  o.  d.  =   10  in. 

1 

160 

10.73 

9.06 

1.138 

1.184 

Act.  ave.  o.  d.  =10.005  in. 

2 

137 

10.95 

8.71 

1.184 

1.257 

Average  thickness  of  wall 

3 

112 

11.27 

7.88 

1.257 

1.430 

=  0.186  in. 

4 

90 

12.05 

6.13 

1.430 

1.966 

Plain  end  weight  per  ft.  =- 

19.43  lbs. 
Length  of  tube  =  20  ft. 

463 

— 

395 

10.75 

9.25 

1.024 

1.162 

Nominal  o.  d.  =  10  in. 

1 

200 

10.95 

9.03 

1.162 

1.213 

Act.  ave.  o.  d.  =  10.033  in. 

2 

170 

11.15 

8.77 

1.213 

1.271 

Average  thickness  of  wall 

3 

150 

11.36 

8.25 

1.271 

1.377 

=  0.190  in. 
Plain   end   weight   per   ft. 

=   19.94  lbs. 
Length  of  tube  =  20  ft. 

454 



400 

10.85 

9.24 

1.019 

1.174 

Nominal   o.    d.    =    10   in. 

1 

185 

11.12 

8.90 

1.174 

1.249 

Actual      average      outside 

2 

150 

11.37 

8.58 

1.249 

1.325 

diam.   =    10.037  in. 

3 

125 

11.75 

7.94 

1.325 

1.480 

Average  thickness  of  wall 

=    0.195  in. 
Plain  end  weight  per  ft.  = 

20.54  lbs. 
Length  of  tube  =  20  ft. 
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tubes  will  be  found  in  the  folders  of  Series  2,  p.  787,  Fig.  39,  Volume 
27,  of  the  Transactions  of  this  Society. 

5  For  convenience,  however,  the  principal  results  of  the  first  tests 
are  given  in  the  accompanying  table  of  successive  retests.  For  exam- 
ple, in  this  table  opposite  test  No.  446  we  read  for  the  first  test,  in 
column  three,  225  pounds  per  square  inch  as  the  fluid  collapsing 
pressure;  in  columns  four  and  five,  10.44  and  9.60  inches  as  the  maxi- 
mum and  minimum  outside  diameters  of  the  tube,  at  place  of  greatest 
distortion,  after  collapse;  in  column  six,  1.021  as  the  maximum  divided 
by  the  minimum  outside  diameter  at  the  place  of  collapse  before  the 
tube  was  placed  in  the  hydraulic  test  cylinder,  and,  in  column  seven, 
1.088  as  this  same  ratio  after  failure  of  the  tube  had  occurred.  In  the 
"remarks"  column  will  be  found  the  nominal  and  actual  average 
outside  diameters  of  tube,  the  average  thickness  of  wall,  the  plain  end 
weight,  and  the  length  of  tube  between  transverse  joints  tending  to 
hold  it  to  a  circular  form.  For  more  complete  data  relating  to  these 
tubes  upon  the  first  test  look  for  the  test  numbers  in  the  above 
reference,  folder  Fig.  39. 

6  The  principal  results  of  the  successive  retests  are  found  opposite 
the  different  retest  numbers  given  in  column  2.  Thus  for  test  number 
446  the  first,  second,  and  third  retests  show  respectively  collapsing 
pressures  of  150,  135,  and  115  pounds  as  compared  with  225  pounds 
for  the  tube  on  its  first  test,  or  when  free  from  distortion  due  to  over- 
stressing;  that  is  to  say,  when  the  tube  is  normally  round.  Similarly 
the  other  columns  of  this  table  give  for  the  different  successive  retests 
the  values  as  indicated  by  their  respective  headings;  thus  in  column 
6  we  find  1.09,  1.13,  and  1.18  to  be  the  maximum  divided  by  minimum 
outside  diameters  at  the  place  of  greatest  distortion  before  testing, 
for  the  first,  second,  and  third  retests,  respectively,  as  compared  with 
1.02  for  the  same  tube  when  in  its  original  normal  condition. 

7  The  inference  is  then,  for  this  particular  case,  namely,  experi- 
mental tube  No.  446,  that  these  collapsing  pressures  of  225,  150, 
135,  and  115  pounds  correspond  to  differences  of  outside  diameters 
at  place  of  failure,  of  2,  9,  13,  and  18  per  cent  respectively. 

CHART    OF    RESULTS    OF    SUCCESSIVE   RETESTS 

8  Fig.  64  shows  the  collapsing  pressures  due  to  the  distortions 
caused  by  successive  retests  on  the  National  Tube  Company's  lap- 
welded  Bessemer-steel  tubes,  10, inches  outside  diameter  and  20  feet 
long,  the  retests  being  made  on  tubes  of  two  thicknesses  of  wall, 
one  averaging  0.165  and  the  other  0.196  inch. 

9  It  will  be  observed  that  the  values  of  columns  3  and  6  of  Table 
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63  are  plotted  on  this  chart  to  a  vertical  scale  representing  collapsing 
pressure  in  pounds  per  square  inch,  and  to  a  horizontal  scale  repre- 
senting the  out-of-roundness  of  the  tube  before  insertion  in  the  test 
cylinder,  this  out-of-roundness  being  represented  by  the  quotient 
resulting  from  dividing  the  maximum  by  the  minimum  outside  diame- 
ter at  place  of  greatest  distortion. 

10  In  this  chart  the  crosses  represent  plotted  values  of  individual 
experiments,  while  combined  crosses  and  circles  represent  the  dif- 
ferent group  averages  of  these  experiments. 
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Fig.  64    Chabt  Showing  Collapsing  Pressures  Due  to  Distortion  Caused  by  Succes- 
sive Retests  on  Lap- Welded  Bessemer-steel  Tubes,  10  Inches  Outside 
Diameter  and  20  Feet  Long 

FORMULA    FOR   SUCCESSIVE   RETESTS    ON    10-INCH   TUBES 

11     An  empirical  formula  has  been  derived  to  represent  the  series 
of  values  plotted,  namely,  those  corresponding  to  tests  No.  446-454, 
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inclusive,  omitting  No.  452  as  differing  too  much  in  thickness  from 
the  average  of  the  group  to  which  it  belonged.  Values  calculated  by 
means  of  this  formula  are  plotted  on  the  chart  by  means  of  the  circles 
through  which  are  drawn  the  curves  that  show  how  the  collapsing 
pressure  is  related  to  out-of-roundness  of  tube  caused  by  overstressing 
for  thicknesses  of  0.165  and  0.196  inch,  for  10-inch  tubes  that  are  20 
feet  long  between  end  connections  tending  to  hold  them  to  a  circular 
form. 

12  This  formula  represents  exceedingly  well  the  results  of  the 
experiments  on  the  lap-welded  Bessemer-steel  tubes  that  were  sub- 
jected to  successive  retests,  as  is  evident  from  the  curves  representing 
the  formula  passing  substantially  through  the  group  averages.  The 
formula  is: 

P  —  47  55 

Where  P^  =  collapsing  pressure  of  normally  round  tube. 

Pj  =  that  of  the  distorted  tube,  both  being  expressed 

in  pounds  per  square  inch. 
M  =  maximum  divided  by  minimum  outside  diameters 
at  place  of  greatest  distortion. 

13  This  formula  is  strictly  applicable,  for  the  kind  of  distortion  to 
which  it  applies,  to  lap-welded  Bessemer-steel  tubes  for  a  range  of 
thickness  of  'wall  from  0.15  to  0.20  inch  for  10-inch  tubes  whose 
lengths  are  20  feet  between  end  connections  tending  to  hold  them 
to  a  circular  form.  The  practical  range  of  applicability  is  of  course 
beyond  the  above  narrow  limits,  but  to  just  what  extent  is  as  yet,  in 
the  absence  of  more  complete  experiments,  unknown. 

CONCLUSIONS 

A  study  of  the  chart,  Fig.  64,  showing  the  results  of  successive 
retests  on  two  thicknesses  of  10-inch  lap-welded  Bessemer-steel 
tubes,  will  lead  to  the  following  conclusions,  namely: 

a  There  is  a  definite  relation  existing  between  the  collapsing 
pressure  of  a  tube  and  its  out-of-roundness,  as  expressed 
by  dividing  the  maximum  by  the  minimum  outside  diame- 
ter at  place  of  greatest  distortion.  This  is  clearly  shown 
by  the  remarkable  smoothness  of  a  curve  drawn  through 
the  different  group  averages  represented  on  the  chart 
by  combined  circles  and  crosses. 
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b  An  out-of-roundness  of  10  per  cent,  corresponding  to  a 
difference  in  diameter  of  one  inch  for  a  10  inch  tube, 
which  is  about  five  times  that  of  the  commercial  lap- welded 
tube  while  in  its  normal  condition  as  to  roundness,  causes 
a  decrease  in  the  collapsing  pressure  of  about  one-third. 
From  this  it  would  appear  that  a  lap-welded  steel  tube 
when  in  service,  if  designed  with  an  ample  safety  factor, 
of  say  five  for  ordinary  conditions,  could  not  possibly  fail 
because  of  any  local  out-of-roundness  that  would  be 
apt  to  pass  ordinary  inspection. 
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BALANCING  OF  PUMPING  ENGINES 

An  Investigation  as  to  the  Proper  Weight  of  the  Plungers 

OF  A  Vertical,  Triple-Expansion,  Crank  and 

Flywheel  Pumping  Engine 

By  a.  F.  NAGLE,  BUFFALO,   N.  Y. 
Member  of  the  Society 

The  above  named  type  of  engine  is  capable  of  such  high  ther- 
mal and  mechanical  efficiency  that  it  has  practically  become  a  stand- 
ard type  for  city  use  when  a  high  duty  is  desirable.  The  calculations 
in  this  paper  are  made  more  with  the  view  of  calling  attention  to  the 
possibility  of  producing  less  vibrations  within  the  mechanism  than 
to  effect  any  material  fuel  economy,  although  a  slight  gain  will  be 
obtained  by  reducing  the  weight  of  the  flywheels  commonly  used, 
which  is  possible  when  the  plungers  are  properly  weighted. 

2  It  is  frequently  stipulated  in  specifications  that  the  steam  work 
in  the  three  cylinders  shall  be  equally  divided  among  them,  but  this  is 
not  possible  while  preserving  the  sizes  of  cylinders  judged  by  the  design- 
ing engineer  to  be  necessary  in  order  to  produce  the  highest  steam 
economy.  As  an  illustration  of  the  distribution  uf  work  among  the 
three  cylinders  of  a  modern  high  duty  engine,  I  have  studied  its  steam 
cards  taken  during  the  duty  trial,  and  ascertained  the  division  of 
work.  To  carry  the  study  a  little  further,  I  have  computed  the  prob- 
able division  of  work  when. the  load  was  increased  20  per  cent  and 
diminished  15  per  cent.     These  results  will  be  found  in  Table  1. 

table  1 

Percentage  of  Work  in  Each  Cylinder  at  Different  Loads 


Power  of  engine                 Number  of 
per  cent                        expansions 

H.  p.  cyl.              I.  p.  cyl. 
per  cent                per  cent 

L.  p.  cyl.  per 
cent 

120 
100 

85 

24 
30 
38 

27.40 
33.00 
35.80 

34.00 
30.00 
30.00 

38.60 
37.00 
34.20 

Mean                   , 

32.07 

31.33 

36.60 

Presented  at  the  Indianapolis,  Ind.,  Meeting  (May  1907)  of  The  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of  the  Trans- 
actions. 
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3  The  cylinder  dimensions  were  32  in.,  60  in.,  90  in.  by  5  ft. ;  piston 
rods  7^  in.,  plungers  37  in.     The  ratio  of  cylinders  was  1 :  3.59  :  8.11. 

4  If  the  100  per  cent  of  power  could  be  taken  as  the  more  general 
average  condition,  a  more  even  distribution  of  work  would  be  obtained 
by  making  the  intermediate  plunger  36^  inches,  the  low  pressure  37| 
inches  and  leaving  the  high  pressure  37  inches.  Whether  such  refine- 
ment of  proportions  is  justified  by  the  circumstances  must  be  left  to 
the  judgment  of  the  engineer  in  charge. 

5  I  wish,  however,  to  call  more  especial  attention  to  the  relation 
between  the  loads,  or  varying  heads,  and  the  weight  of  the  plungers — 
including  in  this  term  the  steam  pistons  and  all  vertically  moving 
parts. 

6  If  the  steam  valves  are  so  adjusted  as  to  give  equal  steam  work 
on  the  up  and  down  strokes,  why  should  not  the  water  end  be  so  con- 
structed that  it  will  give  equal  resistance  on  the  up  and  down  strokes? 
I  purpose  to  give  the  computation  by  which  this  may  be  accom- 
plished. 

7  The  following  heads  on  the  suction  and  discharge  may  exist: 

COXDITIOXS  OF  HEADS     (CENTER  OF  PUJIP   =  0) 

Discharge,  maximum +212  feet 

Discharge,  mean +  200  feet 

Discharge,   minimum + 180  feet 

Suction,  maximum  (lift) —    12  feet 

Suction,  mean  (pressure) +    10  feet 

Suction,  minimum  (pressure) +   32  feet 

Five  extreme  conditions  of  combined  heads  may  be  considered: 

First  Maximum  discharge  212  feet  =  91.80  pounds 

Maximum  suction  — 12  feet  =  —  5 .  20  pounds 

Net  head  224  feet    =  97.00  pounds 

Second   Minimum  discharge        180  feet    =   77.94  pounds 
Maximum  suction        — 12  feet    =  —  5 .  20  pounds 

Net  head  192  feet    =  83.14  pounds 

Third   Mean  discharge  200  feet    =  86 .  60  pounds 

Mean  suction  10  feet    =     4 .  33  pounds 

Net  head  190  feet    =  82.27  pounds 

Fourth   Maximum  discharge        212  feet    =  91.80  pounds 
Minimum  suction  32  feet    =   13 .  86  pounds 

Net  head  180  feet   =  77.94  feet 
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Fifth  Minimum  discharge  180  feet    =   77 .  94  pounds 

Minimum  suction  32  feet    =   13.86  pounds 


Net  head  148  feet    =  64.08  pounds 

8  In  the  following  calculations  pounds  pressure  will  be  used  in 
place  of  feet  head — one  foot  head  of  water,  for  one  square  inch  area, 
weighing  0.433  pounds. 

9  The  mean  net  pressures  found  in  the  five  cases  are,  of  course,  the 
sums  of  the  means  of  the  up  and  down  strokes,  and  to  equalize  the 
work  each  should  be  one-half  of  this.  The  five  cases  would  then 
stand  as  follows: 

TABLE  2 

Case  1     Total  net  pressure  =  97.00  pounds  Each  stroke  =  48.50  pounds 

Case  2     Total  net  pressure  =  83 .  14  pounds  Each  stroke  =  41 .  57  pounds 

Case  3     Total  net  pressure  =  82.27  pounds  Each  stroke  =  41 .  13  pounds 

Case  4     Total  net  pressure  =  77 .  94  pounds  Each  stroke  =  38 .  97  pounds 

Case  5     Total  net  pressure  =  64 .  08  pounds  Each  stroke  =  32 .  04  pounds 

10  To  obtain  the  actual  work  of  the  pump,  the  above  pressures 
should  be  multiplied  by  the  area  of  the  plunger,  but  that  may  be 
neglected  for  the  present. 

11  To  equalize  the  work  on  the  pump  end  of  the  engine  we  have 
the  water  pressures  (per  square  inch)  and  the  weight  of  plunger  (also 
represented  by  pressure  per  square  inch)  to  consider.  The  latter 
being  an  unknown  quantity  we  will  call  it  x;  the  former,  s  plus  or 
minus,  as  the  suction  water  stands  above  or  below  the  center  of  the 
plunger,  and  d  the  discharge  pressure. 

12  Then  to  equalize  the  up  and  down  strokes,  we  should  have  x  ±s 
for  the  up  stroke  equal  d  —  x  on  the  down  stroke,  or 


fn  ^  d±s\ 

i2x=a±s    or     x  =  — ,^  1 


13  Hence  we  have  the  rule,  that  to  equalize  the  work  on  the  up 
and  down  strokes,  make  the  weight  of  the  plunger  as  represented  by 
the  pressure  per  square  inch,  one-half  of  the  algebraic  sum  of  the 
suction  and  discharge  pressures. 

14  For  the  five  cases  taken  we  would  then  have  the  following 
results: 

91.80-5.20     ,„  „^ 

Case  1  =43.30 

2 

To  prove  the  correctness  of  this  (weight)  on  the  up  stroke  there  would  be  a 

resistance  of 

43.30  (weight) +  5. 20  (suction)  =48.50 

on  the  down  stroke  there  would  be  the  discharge  pressure 

9 1 .  80  -  43 .  30  (weight)  =  48 .  50 
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Case  2 


77.94-5.20 


36.37 


Proof , up  stroke      36.37+  5.20  =  41.57 
down  stroke 77. 94 -36. 37  =  41. 57 


Case  3 


86.60+4.33 


=  45.46 


Proof ,  up  stroke       45.46-  4.33  =  41.13 
down  stroke  86 ,  60  -  45 .  46  =  4 1 .  13 


Case  4 


91.80+13.86 


=  52.83 


Proof ,  up  stroke      52.83-13.85  =  38.97 
down  stroke  9 1 .  80  -  52 .  83  =  38 .  97 


Case  5 


77.94+13.86 


=  45.90 


Proof, up  stroke      45.90-13.86  =  32.04 
down  stroke  77 .  94  -  45 .  90  =  32 .  04 

15    Grouping  these  figures  together  for  better  comparison  we  have 
Table  3. 

TABLE  3 


2 

3 

4 

1 

i  pump  load  per 

Balancing  pressure 

Actual  weight  of 

square  inch 

per  square  inch 

plunger,  pounds 

Casel 

48.60 

43.30 

46,656 

Case  2 

41.67 

36.37 

39,105 

Cases 

41.13 

45.46 

48,878 

Case  4 

38.97 

62.83 

56,803 

Case  5 

32.04 

45.90 

49,351 

Average 

40.44 

44.77 

48,137 

Column  4  is  found  by  multiplying  the  pressure  by  the  area  of  the  37'  inch 
diameter,  which  is  equal  to  1075.20  square  inches. 

16  It  is  noticeable  that  while  the  net  pump  loads  may  be  nearly 
the  same  as  in  cases  2  and  3,  the  balancing  pressures  may  differ  25  per 
cent.  Also,  the  pump  loads  may  differ  50  per  cent,  as  in  cases  1  and  5, 
and  yet  the  balancing  pressures  differ  but  6  per  cent. 

17  If  case  3  is  the  prevailing  condition  of  water  pressures,  it  is 
also  very  nearly  the  average  of  all  possible  conditions  and  a  weight 
of  plunger  of  48,000  pounds  is  the  best  balancing  weight  that  can  be 
made. 

18  There  is  no  reason  why  flywheels  in  triple  expansion  pumping 
engines  should  be  so  very  heavy.  The  turning  moments  during  one 
revolution  do  not  vary  over  16  per  cent;    nor  is  absolutely  uniform 
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rotative  velocity  of  wheels  necessary.  With  plungers  weighted  as 
described  in  this  paper,  I  have  no  doubt  but  that  many  examples 
exist  where  the  weight  of  the  wheels  could  be  safely  reduced  one-half. 
Since  the  above  was  written  my  attention  has  been  called  to  an 
engine  which  is  fully  50  per  cent  of  its  load  out  of  balance,  and  yet 
its  two  flywheels  are  so  heavy  that  no  appreciable  deviation  from 
perfect  rotative  speed  is  observed. 


24  MILLION    ENGINES 


WITHOUT  AUXILIARY  WEIGHTS 


WITH  AUXILIARY  WEIGHTS 


WEIGHTS  OF  MOVING  PARTS 

H.P.  I. P.  L.P. 

25,000  LBS.    27,700  LBS.   32,000  LBS. 

SYMBOLS 


STEAM      WATER    WEIGHT 


WEIGHTS  OF  MOVING  PARTS 

H.P.  I. P.  L.P. 

ORIGINAL         26,000    LBS.  27,700    LBS.  32,000    LBS. 

AUXILIARY        18,000      "  15,300      i'  11,000      " 

TOTAL  43,000    LBS.  43,000    LBS.  43,000    LBS. 


NOTE-ARROWS   INDICATE    DIRECTION    OF   PRESSURES 
AND    NOT   THAT   OF   PLUNGER    MOTION. 


FIG.  1     DIAGRAM  SHOWING   UNBALANCED  PRESSURES  PER  SQUARE  INCH  OF 
PLUNGERS  WITH  AND  WITHOUT  AUXILIARY  WEIGHTS 


19  The  accompanying  diagram,  which  is  the  result  of  a  study  of 
the  condition  of  pressures  existing  at  the  Crescent  Hill  Station,  Louis- 
ville, Ky.,  brings  more  clearly  into  view  the  advantage  of  properly 
weighted  plungers.  It  needs  but  a  slight  acquaintance  with  the  laws 
of  mechanics  to  see  how  much  better  it  is  to  equalize  the  work  of  the 
steam  in  the  direct  line  of  the  plungers  than  to  carry  so  large  a  pro- 
portion through  the  pump  rods,  connecting  rods,  cranks,  and  fly- 
wheels. As  the  natural  pressure  of  these  pumps  is  greatest  on  the 
down  stroke,  putting  the  long,  slender,  pump  rods  and  connecting 
rods  in  compression  (which  is  liable  to  produce  vibrations),  bal- 
ancing the  plungers  (as  is  here  pointed  out)   will  also  equalize  the 
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tension  and  compression  stresses  in  these  members.    It  will  also  reduce 
to  a  minimum  the  torsional  stress  in  the  shafts. 

20  If  there  should  be  any  deviation  from  a  perfect  balance,  it 
would  be  better  to  have  an  excess  than  an  insufficiency  of  weight,  for 
that  would  produce  an  excess  of  tension  stress  in  the  long  slender  rods, 
while  an  insufficiency  of  weight  would  produce  an  excess  of  compres- 
sion in  these  members. 

21  I  know  of  no  reason  why  this  type  of  pumping  engine  specifi- 
cation should  not  state  the  exact  weight  of  plungers  required,  deter- 
mined in  the  manner  here  pointed  out.  The  data  required  to  obtain 
it  are  better  known  to  the  city's  engineer  than  to  the  contractor,  and 
he  ma}^  as  well  make  the  necessary  calculations.  If  given,  it  would 
be  a  guide  to  the  contractor  as  to  what  weight  to  provide  for  in  the 
design  of  the  engine,  for  I  have  known  conditions  of  water  pressures 
where  the  plungers  even  if  made  of  solid  iron  would  not  provide  suffi- 
cient weight. 

22  I  commend  to  the  reader  a  careful  study  of  the  diagram,  in 
explanation  of  which  I  am  not  sure  that  I  can  add  anyi:hing.  I  have 
not  given  the  data  used  with  such  fullness  or  accuracy  as  may  satisfy 
a  critical  reader,  but  my  principal  purpose  has  been  to  suggest  a 
correct  method  of  the  calculations  involved,  rather  than  to  obtain 
absolute  correctness  of  the  resulting  figures. 

23  It  may  not  be  inappropriate  to  add  to  this  paper  the  suggestion 
that  in  specifications  for  the  type  of  engine  here  considered,  within 
the  limits  of  from  ten  to  thirty  million  capacity,  the  exact  diameter  of 
plunger  and  length  of  stroke  and  number  of  revolutions  per  minute 
should  be  given,  rather  than  the  mean  plunger  speed.  Especially 
objectionable  is  the  form  frequently  used — "The  engine  shall  deliver 
20  milUon  gallons  in  24  hours  when  operating  at  a  plunger  speed  not 
exceeding  250  feet  per  minute."  Most  contractors  will  estimate  the 
cost  of  the  engine  on  the  basis  of  this  upper  hmit  of  speed.  The 
exception  would  be  the  more  conservative  bidder,  who  might  deem 
200  feet  or  225  feet  quite  fast  enough,  and  as  his  price  would  naturally 
be  the  higher,  it  would  probably  result  in  his  defeat,  although  his 
might  be  the  better  bid.  The  safe  way  for  the  city  is  to  be  exact  in 
stating  what  it  wants,  where  exactness  is  perfectly  feasible. 

24  General  practice  seems  to  have  limited  the  mean  plunger  speed 
of  this  t}-pe  of  engine  from  200  feet  to  250  feet  per  minute;  and  5  feet 
stroke  is  equally  common.  It  would  be  good  practice,  at  the  time  of 
purchase,  to  base  the  capacity  upon  200  feet  plunger  speed,  for  that 
would  allow  of  an  increase  to  250  feet,  when  the  city's  growth  called 
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for  more  water.  I  have,  therefore,  prepared  Table  4  showing  the 
dimensions  of  plungers,  based  upon  5  feet  stroke,  and  20  revolutions, 
which  I  think  might  be  taken  as  a  standard  of  dimensions  for  the 
capacities  stated. 

25  To  illustrate,  I  would  word  the  specification  for  a  25  million 
engine,  as  to  capacity,  as  follows: 

The  engine  shall  have  plungers  38  inches  in  diameter,  by  5  feet 
stroke,  making  20  revolutions  per  minute  at  its  normal  speed,  and 
capable  of  increasing  this  speed  to  25  revolutions  per  minute.  While 
making  20  revolutions  per  minute,  the  pumps  will  deliver  nominally 
25  million  gallons  in  24  hours. 

TABLE  4 

Plunger  Diameters  for  Vertical,  Triple  Expansion,  Crank  and  Flywheel  Pumping 
Engines,  Having  Plungers  5  Feet  Stroke,  and  Making  20  Revolutions  Per  Minute 


1 

2 

3 

Million 

gallons 

24  hours 

Gallons 
per  rev. 

Gallons 
per  foot 

10 

.347.22 

23.15     ! 

12 

416.66 

27.77      ! 

15 

520.83 

34.72     ; 

20 

694.44 

46.30 

24 

833.3.3 

55.56 

25 

868.05 

57.87 

30 

1041.66 

69.44 

Theoreti- 
cal diam. 


23.82 
26.09 
29.17 
33.69 
36.90 
37.68 
41.25 


5 

Actual 
diam. 
inches 


24.00 

26.25 

29.375 

34.00 

37.00 

38.00 

41.5 


Gallons 
per  foot 


23.50 

27.58 
34.31 
47.16 
55.86 
58.92 
68.58 


Deviation 
per  cent 


+  1.5 
+  1.5 
+  1.5 
+  1.9 
+  0.54 
+  1.8 
+  1.5 


Gallons  per 

24  hrs.for 

each  r.  p.  ro. 


0.50  mill 
0.60  mill 
0.75  mill 
1 .  00  mill 
1 .  20  mill 
1 .  25  mill 
1.56  mill 


Column  8  is  obtained  from  column  2,  and  if  used  in  connection  with  the 
actual  diameters  given  in  column  5,  would  correspond  very  nearly  to  the  actual 
delivery,  the  excess  given  in  column  7  being  no  more  than  the  least  sUp  obtained 
in  practice. 

To  obtain  the  gallons  pumped  in  24  hours  multiply  the  counter  record  by 
column  2  for  the  particular  engine,  or  divide  the  counter  record  by  1440  (min- 
utes in  24  hours)  and  multiply  by  column  8. 


DISCUSSION 

Mr.  Irving  H.  Reynolds  The  balancing  of  vertical  pumping 
engines  dates  back  to  the  original  employment  of  the  steam  engine 
for  the  drainage  of  mines.  The  original  Cornish  engine  being  of  the 
single-acting  type,  the  weight  of  the  reciprocating  parts  was  made  a 
little  more  than  equal  to  the  resistance  against  the  plunger;  the  office 
of  the  steam  piston  being  merely  to  raise  this  weight,  all  the  "work" 
being  done  by  by  the  descending  weight.  With  the  advent  of  the 
double-acting  engine,  the  form  of  balancing  was  reversed;  the  engine 
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being  counterbalanced  practically  equal  to  the  weight  of  the  recipro- 
cating parts  in  order  that  the  effort  on  the  steam  piston  might  be 
equal  on  both  up  and  down  strokes,  and  it  is  to  this  latter  form  of 
balancing  which  Mr.  Nagle's  paper  directly  refers. 

2  Diagrams  by  Professor  Peabody  showing  the  rotative  effect,  etc. 
on  a  triple  expansion  pumping  engine  were  included  in  a  paper  by  Dr. 
Thurston  on  the  test  of  the  Milwaukee  pumping  engine.^ 

3  While  the  approximate  balancing  of  crank  and  flywheel  pumps 
is  desirable,  it  is  much  more  essential  in  the  non-rotative  type  of 
vertical  direct-acting  pumps  where  the  total  weight  of  the  recipro- 
cating parts  must  be  balanced  in  order  to  secure  equal  steam  diagrams 
on  the  up  and  down  strokes. 

4  Vertical  crank  and  flywheel  pumping  engines  are  usually  built 
with  single-acting  plungers,  in  which  case  it  has  long  been  customary 
to  design  the  weight  of  plungers  and  reciprocating  parts  so  as  to  equal 
half  of  the  resistance,  as  described  by  Mr.  Nagle;  but  to  do  this  with 
great  accuracy  is  not  at  all  necessary,  as  there  is  no  particular  objec- 
tion to  transmitting  a  certain  amount  of  power  from  one  cjdinder  to 
another  through  the  crank  shaft  and  to  and  from  the  flywheels.  Local 
conditions,  moreover,  sometimes  prevent  the  accurate  balancing  of 
parts.  For  instance  where  the  water  pressure  is  very  light,  the  weight 
of  the  reciprocating  parts  would  be  greater  than  necessary  to  balance 
the  pressure,  and  consequently  the  machine  would  be  overbalanced. 
The  writer  recalls  two  cases  of  very  successful  engines  where  this  was 
the  case. 

5  The  other  extreme  is  where  the  water  pressure  is  very  heavy, 
which  condition  may  be  still  further  aggravated  by  heavj'  pressure  on 
the  suction  side  of  the  pump,  as  the  balancing  must  be  against  the 
sum  of  the  two  pressures.  In  cases  of  this  kind,  it  is  not  always 
possible  to  apply  weight  enough  to  the  plungers,  even  if  made  of  practi- 
cally solid  lead,  and  under  these  conditions,  it  is  the  writer's  practice 
to  make  the  weight  of  each  plunger  with  its  reciprocating  parts  equal 
to  each  of  the  other  plungers  and  reciprocating  parts,  regardless  of 
the  total  balancing  effect. 

6  It  not  infrequently  happens  that  a  pumping  engine  occasionally 
operates  against  a  fire  pressure  about  50  per  cent  greater  than  the 
normal  working  pressures,  and  it  is  customary  and  is  found  entirely 
satisfactory  to  approximately  balance  against  the  normal  pressure 
only,  paying  no  attention  whatever  to  the  extreme  pressures. 
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7  While  it  is  true  that  the  accurate  balancing  of  plungers  enables 
lighter  flywheels  to  be  used,  yet  the  abnormally  heavy  wheels,  of 
which  Mr.  Nagle  speaks,  are  most  frequently  emplo3'ed  for  the  purpose 
of  enabling  the  engine  to  turn  steadily  at  very  slow  speed;  a  very  com- 
mon condition  being  that  the  engines  shall  run  down  to  one-half  or 
one-third  of  their  normal  speed  while  remaining  under  the  control  of 
the  speed  governor  acting  through  trip  cut-offs,  and  this  cannot  be 
satisfactorily  done  unless  the  engine  turns  at  a  fairly  uniform  speed. 

8  There  is  a  limited  class  of  pumping  engines  using  practically  full 
stroke  steam  valve  gear  (for  hydraulic  work,  etc.),  which  can  be  oper- 
ated practically  without  flywheels  and  are  so  built,  but  with  the  high 
duty  type  of  pumping  engine  under  consideration  where  the  steam  is 
cut  off  at  one-third  stroke  or  less,  uniform  rotative  speed  cannot  be 
secured,  nor  in  fact  can  the  engines  run  at  all  at  low  speeds,  without 
fairly  heav;y^  flywheels. 

9  To  recapitulate:  Accurate  balancing  is  essential  for  vertical 
non-rotative  engines;  approximate  balancing  is  desirable  for  vertical 
rotative  engines,  but  may  vary  within  wide  limits  without  harmful 
effect.  The  use  of  lighter  flywheels  is  possible  on  engines  which  are 
to  be  operated  at  substantially  full  speed  at  all  times,  but  it  is 
not  advisable  for  general  practice. 

10  Mr.  Nagle  suggests  the  advisability  of  purchasers  stating  the 
exact  piston  speed  at  which  engines  shall  be  run  rather  than  the  maxi- 
mum speed,  and  while  tliis  would  bring  about  the  desirable  feature  of 
having  all  bids  on  the  same  basis,  I  beUeve  it  can  be  accomplished  in 
a  more  satisfactory  manner  As  nearly  all  pumping  machinery  is 
purchased  by  municipalities  and  under  contracts  which  are  naturally 
awarded  to  the  lowest  bidder,  it  is  of  the  liighest  importance  that  the 
specifications  confine  the  bids  to  machinery  of.  one  character  and  of 
practically  the  same  size  and  value,  but  at  the  same  time  they  should 
be  elastic  enough  to  permit  of  some  sUght  variation. 

11  To  limit  the  speed  absolutely  to  a  definite  figure,  as  suggested 
by  Mr.  Nagle,  would  compel  every  builder  to  bid  on  the  same  sizes  of 
cylinders  and  perhaps  require  new  patterns,  while  some  manufacturer 
might  have  patterns  varying  sUghtly  from  the  required  sizes  which,  with 
an  unimportant  change  in  speed,  would  suit  the  case  exactly.  Every 
change  in  steam  or  water  pressure  affects  the  sizes  of  the  steam  cylin- 
ders or  the  piston  speed ;  each  set  of  steam  cyUnders  being  capable  of 
exerting  a  certain  "  plunger  effort"  for  each  steam  pressure. 

12  As  a  case  in  point,  the  writer  has  recently  used  the  same  steam 
end  for  four  different  pumping  engines,  one  each  of  8  000  000,  10  000- 
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000,  12  000  000  and  14  000  000  gallons  capacity,  and  all  ha\dng  differ- 
ent steam  pressures,  and  all  different  water  pressures;  this  arrange- 
ment being  possible  by  slight  changes  in  the  speed  and  very  consider- 
able changes  in  plunger  diameters. 

13  Specifications  issued  by  the  purchaser  should  be  exphcit  and 
the  engineer  should  decide  in  advance  what  type  of  machinery  is 
best  suited  for  his  purpose,  and  the  bids  should  be  confined  strictly 
to  it.  The  maximum  piston  speed  should  be  limited  to  a  figure 
which  may  be  considered  well  within  the  range  of  good  practice,  but 
in  all  cases,  the  specifications  should  prescribe  also  the  minimum 
stroke  permitted,  as  otherwise  the  conservative  builder  will  figure  on 
a  long-stroke-slow-revolution  macliine,  while  another  builder,  in 
his  anxiety  to  make  a  low  bid,  will  figure  on  an  inferior  machine  of 
shorter  stroke  and  liigher  revolutions. 

14  The  specification  should  state  the  matter  in  about  this  form: 
"  The  engine  shall  deUver  20  000  000  gallons  in  24  hours  when  operated 
at  a  plunger  speed  not  exceeding  225  ft.  per  minute.  The  stroke  of  the 
steam  pistons  and  plungers  shall  not  be  less  than  60  in.,  and  the  engine 
must  be  capable  of  safeh*  operating  at  a  speed  10  per  cent  above  the 
normal  without  appreciable  loss  in  economy'." 

15  A  great  mistake  has  been  made  in  the  past  in  considering  piston 
speed  as  the  important  item,  whereas  in  pumping  engines  it  is  impor- 
tant only  in  connection  with  the  sti^oke  of  the  engine  as  determining 
the  number  of  revolutions  per  minute. 

Mr.  E.  H.  Foster  One  point  which  has  not  been  mentioned  is 
the  effect  on  the  balancing  caused  by  submergence  of  the  plunger.  A 
plunger  which  has  a  5  ft.  stroke  will  be  affected  by  submergence  to 
the  extent  of  2^  per  cent  when  the  pump  is  dehvering  against  a  200  ft. 
head,  and  10  per  cent  on  a  50  ft.  head.  That  is  to  say,  there  vAW  be 
this  difference  in  power  required  to  move  the  plunger  at  the  top  or 
at  the  bottom  of  the  stroke,  due  to  submergence.  This  should  prop- 
erly be  taken  into  consideration  in  settUng  upon  the  balancing  weight. 

2  The  point  brought  out  of  a  pump  working  against  a  variable 
head  is  very  important,  as  it  is  impossible  to  balance  an  engine  accur- 
ately by  dead  weight  when  such  conditions  prevail. 

3  After  all  are  not  the  disadvantages  of  an  unbalanced  engine 
more  practical  than  theoretical?  Engines  whiuh  were  not  balanced 
have  shown  the  effect  by  a  Ufting  of  the  shaft  causing  pounding,  and  I 
consider  it  somewhat  a  disadvantage  of  the  type  of  engine  under  dis- 
cussion that  balancing  is  necessary.     It  adds,  for  instance  in  the 
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case  which  Mr.  Nagle  cites,  a  load  of  about  10  or  15  tons  which  the 
engine  will  have  to  cany  at  all  times,  and  which  would  be  avoided 
in  the  case  of  an  engine  not  required  to  be  balanced. 

4  In  regard  to  drawing  specifications  for  certain  types  of  pumping 
engines,  I  think  that  is  generally  a  mistake.  I  have  had  experience  on 
both  sides  of  this  question,  acting  at  different  times  for  both  the  de- 
signer and  for  the  purchaser  of  pumping  engines,  and  I  have  never 
found  the  purchaser  to  have  suffered  in  any  way  by  issuing  open  specifi- 
cations provided  he  has  safeguarded  his  interests  by  the  usual  right 
to  reject  bids  which  it  does  not  seem  advisable  to  accept.  Much 
depends  upon  the  competence  of  the  purchaser's  engineer,  and  when 
he  is  not  experienced  in  that  particular  line  I  think  it  is  quite  in  order 
to  call  in  an  expert  after  the  bids  are  opened.  A  designer  should,  in 
my  opinion,  always  be  given  a  chance  to  improve  upon  previous 
work  when  a  pumping  engine  is  to  be  purchased. 

5  I  do  not  know  of  any  class  of  machinery  more  subject  to  pre- 
judice as  to  types,  than  are  pumping  engines,  nor  one  more  subject 
to  fads.  At  one  time  one  style  is  very  much  in  vogue  and  then 
another.  I  believe  it  is  very  desirable  to  leave  the  bars  down  so  far 
as  possible,  so  that  the  designers  may  have  all  the  opportunities  offered 
to  show  what  they  can  do. 

The  Author  Replying  to  Mr.  Foster,  on  the  effect  of  submergence 
of  the  plunger,  is  that  not  covered  by  the  expression  "  Hft  or  pressure 
on  the  suction  side"  and  shown  in  the  formula  by  a  minus  or  plus 
sign?  The  statement  by  Mr.  Foster  that  the  balancing  weight  adds, 
in  the  case  cited,  10  or  15  tons  needless  weight,  thus  adding  to  its 
friction,  is  erroneous,  for  it  only  equalizes  the  work  of  frictions  between 
the  up  and  down  strokes.  The  friction  losses  are  increased  by  aneed- 
lessly  heavy  flywheel,  as  pointed  out  in  the  paper,  but  not  by  the 
balancing  weights. 

2  Mr.  Reynolds  reviews  the  paper  so  intelUgently  and  broadly 
that  I  can  only  say  that  when  separating  the  commercial,  or  manufac- 
turing interests  from  the  strictly  engineering  view,  I  can  add  nothing. 
The  special  cases  in  point  to  which  he  calls  attention  could  be  met 
as  pointed  out  in  the  paper,  with  such  additional  changes  as  the 
circumstances  called  for. 
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Tests  on  7  ft.  by  60  ft.  and  8  ft.  by  110  ft.  Rotary  Kilns 
Burning  Natural  Gas 

By  E.  C.  SOPER,  SOUTH  PITTSBURG,  TENN. 
Member  of  the  Society 

One  of  the  most  important  steps  in  the  manufacture  of  Portland 
cement  is  the  burning  or  calcination  of  the  raw  material  into  chnker. 
Briefly  described,  the  manufacture  of  Portland  cement  consists  of 
three  steps. 

a  Mixing  and  grinding  the  raw  material. 

b  Burning. 

c  Grinding  the  resultant  clinker. 

2  Because  of  the  high  cost  of  fuel  incident  to  its  production,  the 
burning  is  of  vital  importance.  It  is  not  our  province  to  go  into  the 
history  of  the  industry  nor  of  the  burning  process  in  particular,  and 
we  will  only  say  that  the  old  vertical  kiln  gave  way  to  the  rotary  kiln, 
because  of  the  greater  economy  in  labor,  and  up  to  the  last  two  or 
three  years  the  standard  size  of  the  rotary  in  use  was  about  6  ft. 
by  60  ft. ;  today  the  preferred  size  is  from  7  ft.  to  8  ft.  in  diameter 
and  varies  from  60  ft.  to  150  ft.  in  length,  with  the  100  ft.  length 
kiln  favored  by  the  majority  of  the  progressive  manufacturers. 

3  The  kiln  question,  however,  is  still  in  a  transitory  stage,  because 
of  the  keen  competition  and  rivalry  among  the  95  different  operating 
companies,  and  reliable  data  are  not  easily  available.  Just  what  sizes 
will  be  adopted  as  standard,  if  any,  would  be  difficult  to  prognosticate 
at  the  present  time.  There  are  some  of  the  manufacturers  actually 
claiming  from  400  to  500  barrels  per  day  per  60  foot  kiln,  and  some  of 
the  mills  in  the  Lehigh  district  with  135  foot  kilns  have  made  as  high  as 
750  barrels  per  day,  but  as  to  fuel  economy,  the  information  is  not 
given  out.  Whatever  fuel  is  used  in  the  calcining  of  the  raw  material, 
approximately  the  same  number  of  heat  units  must  necessarily  be 
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required  per  barrel  of  clinker  burned.  The  rotary  kiln,  even  in  its 
most  improved  installation,  is  not  an  economical  proposition  in  point 
of  fuel  as  its  highest  efficiency  is  less  than  50  per  cent.  In  other  words, 
the  heat  actually  consumed  per  barrel  is  generally  more  than  double 
that  actually  required  for  the  calcining  and  chemical  processes  involved. 
4  In  an  ordinary  60  foot  kiln  installation,  it  generally  requires  200 . 
pounds  of  coal  to  burn  one  barrel  of  cement.  Slack  coal  is  generally 
used  with  the  ash  percentage  varying  from  5  to  15  per  cent.  Some 
manufacturers  we  believe  have  reduced  this  consumption  to  85  pounds 
but  the  majority  of  the  averages  is  about  120  pounds  per  barrel. 
This  does  not  include  the  coal  used  in  drying  the  raw  materials 
and  drying  the  coal  itself  and  the  coal  required  for  power;  these  items 
will  increase  this  amount  to,  say  150  pounds  of  coal  per  barrel,  and 


Incline  >i  pex'  foot 


' 

I 

Data 

7x60 

8x110 

d  =  4^6" 

6-0" 

Scale  3^2=  l' 

H  =80-0" 

90-0" 

L  =  60-0" 

110-0 

D  =  7-0' 

8-0" 

o 


FIG.  1     SHOWING  INSTALLATIONS  OF  KILNS 


with  the  average  price  of  coal  at  $2,  gives  an  actual  cost  of  fuel  per 
barrel  of  15  cents.  The  average  cost  of  manufacturing  Portland 
cement  in  a  modern  up  to  date  plant  in  the  Lehigh  district  is  70  cents 
per  barrel,  thus  the  fuel  cost  is  20  per  cent,  and  this  figure  is  a  conserva- 
tive average.  According  to  the  heat  balance,  the  fuel  consumption 
should  be  but  one  half  of  what  is  actually  required  in  the  best 
practice  of  today. 

5  The  burning  of  Portland  cement  by  natural  gas  is  an  entirely 
different  proposition,  in  point  of  installation,  from  the  usual  pulver- 
ized coal  system.  In  the  drawing  above  is  given  a  typical  install- 
ment. Gas  is  fed  into  a  Kirkwood  burner,  of  which  there  are  many 
sizes.  The  burner  is  essentially  a  double  cyhnder  with  gas  connection 
with  the  outer  shell ;  a  series  of  small  perforated  pipes  perpendicular 
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to  the  axis  of  the  cyUnder  and  equal  in  length  to  the  diameter  of  the 
inner  cylinder  allows  the  gas  to  flow  into  these  pipes  and  out  through 
the  perforations  into  the  inner  cylinder,  from  whence  it  is  blown  by 
air  furnished  by  a  blower  into  the  kilns.  Fig.  2  shows  a  typical 
"Kirkwood  burner,"  patented  by  Tate,  Jones  &  Co.,  Inc.  The  gas 
is  fed  into  the  burner  or  mixer  under  an  average  pressure  of  about  2 
pounds  and  the  air  pressure  varies  from  1  to  6  ounces  in  different  plants. 
6  The  actual  heat  requirements  in  the  burning  process  are  as 
follows : 

a  Evaporations  of  moisture  in  dry  mix. 

b  The  driving  off  of  the  carbonates  and  sulphates. 

c  The  heating  of  the  material  to  clinkering  temperature. 
The  losses  occur  as  follows: 

a  Heating  and  evaporation  of  excess  moisture. 

b  Heat  contained  in  discharge  of  clinker. 

c  Heat  radiated  by  kiln, 

d  Heat  carried  off  by  waste  gases. 


FIG.  2     THE  GAS  BURNER  USED 

7  The  latter  process  is  one  of  the  greatest  sources  of  loss  in  the 
older  installations  and  was  the  chief  cause  of  the  bringing  out  of  the 
"long  kiln."  In  a  60  foot  kiln,  operating  dry  process,  the  stack 
temperature  varies  from  1000  to  1500  deg.  fahr.,  in  some  cases  they 
have  been  measured  up  to  as  high  as  2000  deg.  fahr.  In  the  use  of  the 
long  kiln  these  temperatures  may  be  reduced  in  amount  to  400  to  700 
deg.  fahr.  and  the  fuel  consumption  correspondingly  decreased.  Prof. 
Carpenter's  method  of  utilizing  the  waste  heat  from  the  ordinary  60 
ft.  kiln  under  boilers  is  probably  a  more  ideal  method  than  lengthen- 
ing the  kiln,  but  for  some  reason,  probably  mechanical,  it  has  been 
adopted  in  but  one  or  two  plants,  and  we  understand  that  it  is  not  a 
practical  installation. 
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8  When  natural  gas  was  first  utilized  for  burning  in  rotary  kilns 
the  number  of  cubic  feet  per  barrel  much  exceeded  that  required  at 
the  present  time,  and  even  now  when  a  kiln  is  first  put  into  operation 
and  until  the  lining  is  thoroughly  "coated"  the  consumption  per  barrel 
is  nearly  double  what  it  is  after  the  kiln  has  been  in  operation  for 
sometime. 

9  The  results  of  the  tests  given  below  are  not  from  one  day's 
operation  but  from  several  months'  run.  The  heat  distribution  is  given 
merely  to  show  what  work  is  still  necessary  before  the  heat  require- 
ments of  the  rotar}^  kilns  are  reduced  to  as  low  a  figure  as  is  practical. 

10  There  is  one  big  difference  in  a  gas  flame  and  the  ordinary  pul- 
verized coal  flame.  The  coal  flame  flares  in  a  gradually  increasing 
"  cone "  while  the  gas  flame  is  similar  to  a  "mushroom"  and  the  heat 
zone  is  much  nearer  the  discharge  end  of  the  kiln  than  in  the  cases  of 
the  coal  burning  system. 

1 1  There  are  approximately  600  pounds  of  raw  material  required 
to  produce  one  barrel  of  Portland  cement  clinker.  A  cubic  foot  of 
natural  gas  contains  approximately  1000  British  heat  units. 

12  The  kilns  below  are  operating  on  practically  the  same  raw 
materials,  under  the  same  process  and  supervision.  The  proportions 
are,  roughly,  75  per  cent  lime  stone  and  25  per  cent  ihale: 


TESTS 

Size  kilns 7  ft.  by  60  ft.  kiln  8  ft.  by  110  ft,  kiln 

Date Oct.  1, 1906  Nov.  1, 1906 

Capacity  of  kiln,  24  hours 200  barrels  450  barrels 

Cu.ft.  gas  actually  required  per  barrel  2750  deg.  fahr.  2000 
Temperatures  observed 

Stack  gases 1300  deg.  fahr.  450  deg.  fahr. 

2  feet  inside  nose  ring 2400  deg.  fahr. 

Temperatiu-es  discharged  clinker. .  1380  deg.  fahr.  1380  deg.  fahr 

Atmosphere 70  deg.  fahr.  70  deg.  fahr 

Air  pressure  at  burner  in  ounces  per 

square  inch  1 1 .  15  5 

Diameter  blow  pipe 10  in.  16  in. 

Size  burner 12  in.  16  in. 

Average  speed  of  kiln  1  revolution  in  1^  minutes.     1  revolution  in  4  mmutes. 

Average  horse  power 12  20 

Time  required  to  burn  1  barrel  ....7.2  min.  3 . 2  min. 

No.  square  feet  surface  in  shell  ....  1381  2765 

Hood 100  172 

No.  lbs.  dry  raw  material  per  barrel   610  610 

Percentage  water  per  barrel 33  33 

No.  lb.  clinker  per  barrel  produced    384  384 
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Analyses 
Natural  gas 

CH^ 97 .  63  per  cent 

C  H^ 0 .  22  per  cent 

CO2 0.22percent 

CO    1.33  per  cent 

N 0 .  60  per  cent 

Limestone      Shale     Raw  mix     Clinker      Limestone     Shale     Raw  mix  Clinker 
SiO„  14.4  22.1  2.5  62.7       14.9  22.3 


Raw  mix 

Clinker 

Limestone 

14.4 

22.1 

2.5 

2.3 

4.9 

3.6     (^ 
7.9    / 

2.2 

41.00 

63.0 

52.2 

1.64 

2.63 

0.8 

35.30 

42.1 

26,0         7.6  10.7 


2.5 

41.2 

62.5 

2.4 

1.8 

2.1 

6.2 

35.0 

1.4 

A1,0 
CaO 
MgO 
Loss 

Specific  heats  Heats  of  combination 

Air 0.2375  CaO 954.0  B.  t.  u. 

Waste  gases 0.23  MgO 1488.6 

Clinker 0.2 

CO,    \  Heats  of  decomposition 


SO2    /    ^-^^  SO3    1890B.t.u. 

Raw  mix 0.2  CaCOs 765 

Steam 0.48 

Number  B.  t.  u.  per  cubic  foot  natural  gas  calculated  from  analysis  1088       1088 
Number  cubic  feet  air  required  to  burn  1  cubic  foot  gas  calculated 

from  analysis — theoretical 9.39       9.39 

DISTRIBUTION   OF   HEAT   IN    KILN   PER   BARREL   CLINKER    BURNED 

Per  cent  Per  cent 

1  Evaporating    and    heating  of  300  pounds 

water  from  temperature  entering  kiln  to 

temperature  stack;   gases  in  B.  t.  u 489,072       15. 1       366,672        15.0 

2  Heating  610  pounds  dry  mix  from  70  deg. 

tolOOOdeg 113,460         3.5       113,460         4.6 

3  Heating  384  pounds  clinker  from  1000  deg. 

to2600deg 147,256         4.5       147,256         6.0 

4  Heat  radiated  by  384  pounds  clinker  dis- 

charged at  1380  deg.  and  cooling  to  70  deg.  120,729         3.7       120,729  4.9 

5  Heat  radiated  by  kiln  shell  and  hood  (cal- 

culated)     46,580         0.14       31,455       0.12 

Per  cent  Per  cent 

6  Carried  off  by  waste  gases 777,325        24 . 0       202,000      8 . 3 

7  Heat  required  to  decompose  CaCoa 344,403        10 . 6       346,086    14 . 2 

4  From  below 15,504        0.06 

Total  heat  accounted  for  in  kiln  per  barrel.2 ,054,529  1,327,258 

Unaccounted  for,  probably  radiation  and 

escaping  in  flames,  shell,  and  hood 1,186,987  36.63  1,115,318     45.0 

Total  B.  t.  u.  actuaUy  supplied 3,241,516  2,442,576 
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HEAT  DELIVERED  TO  KILN  PER  BARREL  CLINKER  BURNED 

1  Contained  in  air  entering  through  blowpipes  in  B.t.u.       1710  2,442 

2  Contained  in  entering  gas 2000  2,012 

3  Chemical  action;  liberated  by  combination  of  CaO       230,772  228,960 

MgO 15,034  4570 

4  Liberated  by  CO^  and  SOj  cooling  from  1000  deg. 

to  stack  temperature -  15,504  28,182 

5  Produced  by  combustion  of  gas 3,192,000  2,176,400 

Total  heat  in  B.  t.  u.  received  by  kilns 3,241,516  2,442,576 

13  It  will  be  noted  in  the  above  that  in  the  long  kiln  a  5  ounce 
pressure  of  air  was  maintained.  The  long  kiln  is  a  more  recent  instal- 
lation and  the  question  of  air  is  one  which  has  not  been  given  the 
attention  it  deserves  by  the  cement  engineers.  In  several  instances 
where  the  pressure  and  volume  have  been  increased  in  the  same  kiln 
the  output  has  been  increased  from  10  to  20  per  cent.  The  maxi- 
mum output  of  the  long  kiln  is  600  barrels  per  day,  but  the  figure  given 
is  maintained  throughout  the  month,  including  shut  downs,  and  is 
therefore  the  one  to  be  considered. 

14  It  will  be  noted  that  the  stack  temperature  on  the  60  foot  kiln 
is  about  1300  degrees,  and  this  amounts  to  a  loss  of  24  per  cent  of  the 
fuel  supply  to  the  kiln.  It  also  means  another  loss  through  the  heat- 
ing of  carbonates  and  sulphates,  which  are  liberated  at  about  1000 
deg.  fahr.  and  which  must  be  heated  in  the  case  of  the  60  foot  kiln 
and  cooled  in  the  110  foot  kiln  to  the  temperature  of  the  stack  gases. 
Another  means  of  utilizing  the  air  which  has  been  heated  by  the  dis- 
charged clinker  and  blowing  same  into  the  kiln  has  saved,  in  some  in- 
stances, as  high  as  10  per  cent  of  the  fuel.  In  other  w^ords,  the 
fuel  consumption  has  been  decreased  10  per  cent. 

15  It  is  a  question  now  whether  or  not  the  ideal  length  of  the  kiln 
should  be  between  100  feet  and  125  feet.  We  have  noted  a  kiln  of  the 
latter  length  and  7  feet  6  inches  diameter  operating  under  precisely 
the  same  conditions  as  the  two  above,  and  whose  monthly  average 
output  barely  equaled  that  of  the  110  foot  kiln.  Of  course  the 
original  cost  of  the  latter  kiln  is  double  that  of  the  60  foot  kiln  but  the 
labor  per  barrel  in  the  burning  department  is  one-half  what  it  is  with 
the  60  foot  kiln,  and  while  the  horse  power  is  proportionally  more 
in  the  case  of  the  long  kiln,  the  increased  fuel  economy  of  25  to  35 
per  cent  will  more  than  compensate  for  the  interest  on  the  increased 
cost  of  the  installation  and  the  increased  horse  power. 
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DISCUSSION 

Prof.  William  D.  Ennis  Increasing  the  length  of  cement  kilns, 
like  increasing  the  heating  surface  of  a  boiler,  gives  more  room  for 
heat  transfer,  and  consequently  for  a  given  amount  of  initial  heat 
reduces  the  proportion  of  loss  to  the  stack.  With  any  fuel  the  kiln 
should  be  of  sufficient  length  to  avoid  such  exit  temperature  of  gases 
as  quoted  in  the  first  test.  Much  depends  on  the  condition  of  the 
material  as  fed  to  the  kiln.  If  this  is  run  wet,  the  kiln  length,  fuel 
consumption  and  other  relations  will  differ  from  those  usual  with  dry 
material.  A  110  ft.  kiln  is  necessarily  better  for  economy  of  fuel 
than  a  60  ft.  kiln,  just  as  some  of  the  highly  efficient  boilers  designed 
by  members  of  this  Society  with  heating-to-grate  ratios  of  75  to  1 
are  necessarily  better,  on  soft  coal,  than  boilers  having  the  ratio  50 
to  1. 

2  Reference  is  made  to  the  customary  use  of  pulverized  coal, 
which  is  probably  the  standard  kiln  fuel  in  cement  works  where 
natural  gas  is  not  available.  Only  those  coals  which  are  high  in 
volatile  matter  (upward  of  30  per  cent)  can  be  used,  and  high  per- 
centages of  moisture,  which  always  exist  in  slack  coals  during  the 
winter  months,  are  difficult  to  handle.  Pulverized  coal  is  comparable 
to  gunpowder  in  the  danger  element  which  it  introduces  in  manu- 
facturing plants.  The  operation  of  grinding  is  ordinarily  disagreeable, 
wasteful  of  power  and  hard  on  the  crusher,  and  the  cost  of  pulveriz- 
ing varies  from  25  to  50  cents  per  ton.  But  with  all  its  disadvantages, 
pulverized  coal  necessarily  displaces  oil,  which  costs  about  twice  as 
much,  per  heat  unit,  in  the  Lehigh  district.  When  pulverized,  the 
coal  can  be  burned  with  as  little  labor,  and  with  as  readily  attainable 
sustained  high  efficiency,  as  oil. 

3  There  are  many  furnace  applications,  where  oil  is  now  com- 
monly used,  in  which  pulverized  coal  would  be  equally  effective  and 
convenient,  and  would  cost  about  one-half  as  much;  as  in  drop  forge 
work,  rolling  mill  furnaces,  annealing  furnaces,  etc.  The  difficulties 
are  rather  in  the  preparation  and  handling  of  the  coal  than  at  the 
furnace,  where  its  use  is  fully  as  simple  as  oil. 

4  The  cost  of  a  complete  pulverizing  and  handling  equipment 
varies  all  the  way  from  $100  to  S600  per  ton  of  daily  capacity,  depend- 
ing upon  the  grade  of  plant,  the  degree  of  concentration  of  the  fur- 
naces, and  other  factors.  Figuring  this  in  terms  of  boiler  horse 
power,  the  cost  would  be  from  $6  to  S36  per  horse  power,  which 
would  be  a  serious  item  in  any  proposed  application  to  steam  pro- 
duction. 
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5  For  cement  kilns,  and  heating  work,  to  replace  oil,  which  has 
been  increasing  in  price  and  is  an  expensive  fuel,  pulverized  coal 
seems  to  promise  the  highest  fuel  economy  wherever  gas  is  not 
available. 

Mr.  E.  a.  W.  Jefferies  The  showing  which  Mr.  Soper  makes  on 
the  difference  in  economy  between  the  60  ft.  and  110  ft.  kiln  is  very 
remarkable. 

2  An  important  element  in  determining  the  proper  length  of  a 
rotary  kiln  is  the  question  of  moisture — whether  or  not  the  process 
is  a  wet  or  a  dry  one.  If  wet,  that  is  having  moisture  over  50  per 
cent,  should  not  the  length  of  the  kiln  be  greater  to  give  equally 
good  results,  since  it  takes  time  and  contact  to  get  rid  of  the  water 
before  gas  can  be  driven  off? 

3  The  utilization  of  waste  gases  from  rotary  kilns  to  raise  steam 
when  the  dry  process  is  used,  has  been  successfully  carried  out  by 
Mr.  John  G.  Jones,  President  of  the  New  York  Lime  Company, 
Natural  Bridge,  N.  Y.,  in  an  installation  for  burning  lime.  His 
equipment  gives  him  as  high  as  7  lb.  of  burned  lime  per  pound  of 
coal  under  favorable  conditions,  and  he  has  heat  enough  left  to  raise 
a  large  portion  of  the  steam  required  about  his  mill.  The  kilns  are 
fired  with  producer  gas. 

4  There  are  many  installations  of  rotary  kilns  now  in  operation 
for  burning  lime  with  producer  gas  and  the  question  which  Mr.  Soper 
discusses  is  as  important  in  this  connection  as  in  the  case  of  Portland 
cement.  It  would  be  interesting  if  data  comparing  the  economy 
effected  by  lengthening  the  kiln  in  both  the  wet  and  dry  processes, 
could  be  obtained.  The  case  which  Mr.  Soper  cites,  namely  33  per 
cent  moisture,  seems  to  lie  between  the  two. 

Prof.  R.  C.  Carpenter  The  paper  by  Mr.  Soper  respecting  the 
economy  of  the  long  kiln  in  the  manufacture  of  Portland  cement  is 
likely  to  be  misleading  for  the  reason  that  it  refers  only  to  conditions 
which  are  extremely  unusual. 

2  Most  Portland  cement  materials  are  thoroughly  dry  at  the 
time  they  are  fed  into  the  kiln,  consequently  the  kiln  has  to  evaporate 
very  little  water.  In  the  manufacture  of  cement  from  marl  and  clay, 
materials  which  were  at  one  time  extensively  used  in  Michigan,  it 
was  the  practice  to  feed  very  wet  materials  into  the  kiln,  sometimes 
containing  four  times  as  much  water  as  solids. 

3  There  are  a  few  plants  in  this  country  in  which  the  material  is 
wet  artificially  before  being  fed  to  the  kiln.     My  own  impression  is 
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that  not  over  1  per  cent  of  our  total  cement  is  made  by  such  a  process, 
but  regarding  that  point  I  should  be  glad  to  have  some  information 
from  Mr.  Soper. 

4  From  the  amount  of  water  which  appears  to  have  been  evapor- 
ated in  the  kilns,  33  per  cent,  I  understand  that  the  tests  to  which 
the  author  refers  were  made  with  ground  rock  material  to  which 
moisture  had  been  added,  or  in  other  words  that  the  kiln  was  con- 
ducted by  the  very  unusual  method  to  which  I  referred  above. 

5  The  results  obtained  with  a  7  by  60  ft.  kiln  are  extremely  poor, 
and  do  not  even  approximate  what  is  usually  obtained  with  that  kiln 
where  dry  material  is  fed  at  the  upper  end.  The  usual  coal  consump- 
tion in  the  Lehigh  region  of  a  kiln  60  ft.  long  working  on  the  dry 
process  averages  about  90  lb.  to  the  barrel  of  cement  with  an  output 
of  about  300  to  400  barrels  per  day.  The  additional  cost  of  drying 
the  material  would  depend  upon  the  conditions,  but  usually  does  not 
vary  greatly  from  5  to  10  lb.  of  coal  to  the  barrel. 

6  The  long  kiln  has  been  adopted  to  some  extent  in  the  Lehigh 
region  and  has  resulted  in  an  increase  in  economy  of  about  10  to  15 
per  cent  and  an  increase  in  output  of  about  20  per  cent. 

7  The  temperature  in  the  stack  in  the  test  made  with  the  short 
kiln  is  given  as  1300  deg.  fahr. ;  this  is  a  reasonable  temperature  and 
perhaps  a  low  temperature  for  a  60  ft.  kiln  burning  dry  material 
when  being  forced  to  a  high  capacity,  but  it  is  certainly  unreasonable 
and  remarkably  high  for  materials  which  contain  33  per  cent  of 
water. 

8  The  statement  that  "  Professor  Carpenter's  method  of  utilizing 
waste  heat  is  not  a  practical  installation"  is,  it  seems  to  me,  hardly 
a  fair  one  from  the  fact  that  it  has  been  in  use  successfully  for  over 
six  years  in  one  plant,  and  wherever  proper  precautions  have  been 
taken  to  separate  the  dust,  it  does  not  seem  to  have  met  with  diffi- 
culty in  any  plant.  This  system  is,  however,  one  which  is  not  ordi- 
narily applicable  where  wet  materials  are  fed  into  the  kiln,  as  in  the 
test  described  by  Mr.  Soper,  and  I  should  not  expect  a  high  average 
temperature  to  accompany  good  results  under  such  conditions. 

9  Respecting  the  use  of  the  long  kiln,  it  should  be  noted  that  Mr. 
Thomas  A.  Edison  has  a  patent  which  covers  such  uses  where  the 
Idln  has  a  length  of  100  ft.  or  more,  which  I  understand  was  granted 
on  representations  made  by  Mr.  Edison  that  the  processes  which  take 
place  in  a  long  kiln  of  say  100  ft.  or  over  are  different  from  those  which 
take  place  in  a  shorter  kiln  of  say  60  ft.  in  length.  Whatever  may  be 
the  advantages  of  the  long  kiln  as  compared  with  the  short  one  for  dry 
material,  there  can  be  no  doubt  whatever  of  the  advantages  of  the 
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long  kiln  for  drying  out  the  surplus  moisture  where  wet  material  is 
used. 

10  I  am  not  able  to  see  any  economic  advantage  in  the  process 
of  manufacture  from  adding  water  merely  for  the  purpose  of  boiling 
it  out  at  a  groat  fuel  expense  at  a  later  stage.  I  do  not,  however, 
wish  to  antagonize  the  wet  system,  as  described  by  Mr.  Soper,  since 
it  is  generally  liked  where  installed,  and  has  some  advantages  in  the 
way  of  mixing  and  raw  grinding.  I  will  also  admit  that  I  designed 
a  plant  working  with  that  process  some  years  ago  which  has  been  so 
successful  that  the  owners  have  never  cared  to  change  it  to  the  dry 
process.  The  plant  employs  kilns  6  ft.  by  60  ft.  in  length;  it  has 
an  output  per  kiln  averaging  about  200  barrels  per  day,  and  consumes 
about  140  lb.  of  coal  per  barrel.  In  this  plant  there  are  no  devices 
for  utilizing  the  waste  heat  from  the  kilns,  which,  however,  rarely 
have  a  temperature  above  800  deg.  fahr. 

Mr.  Byron  E.  Eldred  The  data  presented  by  the  author  are 
interesting  but  it  is  regrettable  that  the  record  is  of  comparative  tests 
obtained  with  natural  gas  fuel  rather  than  with  pulverized  coal,  which 
is  more  commonly  used.  The  burning  of  coal  in  suspension  in  the 
rotary  cement  kiln  presents  the  same  problem  of  wasteful  operation 
which  has  caused  the  abandonment  of  its  use  in  this  way  in  other 
industries.  The  combustion  of  pulverized  coal  requires  the  use  of 
too  great  an  excess  of  air  to  allow  high  economy. 

2  The  heat  balance  under  the  heading  "distribution  of  heat  in  kiln 
per  barrel  of  clinker  burned"  appears  to  be  misleading  and  is  apparently 
inaccurate,  as  item  3,  where  147  256  B.t.u.  are  charged  to  heat- 
ing 384  lb.  of  clinker  to  2600  deg.  fahr.  and  item  4,  which  accounts 
for  loss  of  heat  in  the  same  weight  of  clinker,  assume  this  clinker 
to  be  discharged  at  1380  deg.  fahr.  and  cooled  to  approximately  the 
atmospheric  temperature  of  70  deg.  fahr.  I  contend  that  the  clinker 
was  never  heated  to  a  temperature  much,  if  any,  above  1380  deg. 
or  the  temperature  at  which  it  was  discharged.  The  author  states 
also,  that  the  observed  temperature  2  ft.  inside  the  nose  ring  was 
2400  deg.  fahr.  It  is  therefore  quite  impossible  to  conceive  such  a 
great  reduction  in  temperature  while  the  material  was  traveling  in 
the  hot  end  of  the  kiln  through  a  vertical  distance  of  approximately 
2  ft.  It  is  not  fair  to  assume  that  the  clinker  acquires  a  temperature 
equal  to  that  of  combustion  in  the  furnace. 

3  The  clinkering  operation  must  of  necessity  be  slightly  exother- 
mic and  the  high  heat  influence  of  the  clinker  zone  is  only  necessary 
to  bring  about  the  chemical  reaction  of   the  fusing  of  the  lime  and 
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silica.  I  have  found  that  lime  in  the  presence  of  silica  becomes 
chemically  active  at  the  temperature  at  which  the  lime  is  formed  and 
as  soon  as  it  is  formed  in  the  furnace.  Thus  if  we  had  a  kiln  long 
enough  and  which  supplied  only  sufficient  heat  to  accomplish  the 
calcining  and  should  maintain  the  lime  and  silica  at  this  calcining 
temperature  for  a  sufficient  length  of  time,  we  would  obtain  clinker; 
but  the  clinker  forming  reaction  would  proceed  with  a  degree  of 
rapidity  corresponding  to  the  heat  under  which  the  reaction  took 
place.  In  an  electric  furnace  the  clinker  forming  reaction  is  nearly 
instantaneous. 

4  Considering  the  production  of  cement  in  a  rotary  kiln,  the  burn- 
ing operation,  so  called,  should  be  divided  into  steps  when  consider- 
ing the  utilization  of  the  heat.  Where  the  wet  process  is  employed 
the  operation  might  be  divided  into  three  steps;  that  of  drying, 
calcining  and  clinkering.  In  the  dry  process,  which  is  most  com- 
monly employed,  it  should  be  divided  into  the  steps  of  calcining  and 
clinkering,  and  in  view  of  the  fact  that  the  clinkering  operation  is 
exothermic  in  its  character  it  is  evident  that  the  utilization  of  heat 
in  the  kiln  can  almost  wholly  be  charged  to  the  calcining  step.  This 
is  a  low  heat  operation  and  in  my  experience,  extending  over  several 
years  in  calcining  operation,  I  have  discovered  that  calcining  can 
best  be  done  by  the  application  of  the  heating  agent  and  the  generation 
of  the  heat  where  it  is  to  be  used  rather  than  with  pregenerated  heat. 

5  There  is  great  room  for  improvement  in  the  burning  of  cement 
clinker,  as  we  are  attempting  to  conduct  in  a  single  furnace  two 
heating  operations  which  are  diametrically  opposed.  Under  existing 
conditions  we  are  performing  the  operation  of  calcining,  which  requires 
the  heat  of  the  fuel  for  the  satisfaction  of  the  endothermic  reaction 
by  a  heat  treatment  which  is  entirely  unsuited;  and  providing  a 
combustion  suitable  for  the  final  or  clinkering  step,  which  absorbs  but 
little,  if  any  heat. 

6  An  ideal  flame  for  calcining  is  a  long  flame  of  low  heat  intensity 
by  which  the  heating  agent  is  applied  where  it  is  to  be  used.  This 
has  been  evidenced  for  many  years  in  lime  burning  where  until  a 
few  years  ago  it  was  almost  impossible  to  produce  a  good  quality  of 
lime  economically  with  coal.  Wood  was  employed  with  much  better 
results,  due  to  the  long  flame  produced  therefrom,  this  flame  reaching 
in  and  around  the  material  to  be  calcined.  Several  years  ago  I  tested 
some  lime  kilns  and  noted  that  a  cord  of  wood  in  the  same  kiln  pro- 
duced more  lime  than  a  ton  of  coal,  although  the  thermal  value  of  the 
coal  was  twice  that  of  the  wood,  ton  for  cord.  The  temperature  of  the 
escaping  gases  at  the  top  of  the  kiln  was  in  both  instances  about  equal 
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and  an  analysis  of  these  gases  showed  substantially  complete  combus- 
tion in  both  cases. 

7  I  immediately  set  about  to  produce  what  might  be  termed  a 
wood  flame  from  the  coal  by  regulating  the  duration  of  the  combus- 
tion or  the  temperature  and  volume  of  flame  produced  therefrom. 
The  atmospheric  proportions  of  oxygen  to  neutral  gas  were  changed 
by  the  admixture  of  waste  gases  from  the  top  of  the  kiln,  and  by 
reducing  the  percentage  of  oxygen  in  the  atmosphere  thus  used  to 
about  12  per  cent,  with  the  result  that  a  longer  flame  was  produced 
than  could  be  secured  from  wood  under  ordinary  conditions  with 
natural  draft.  The  long  flame  produced  about  twice  as  much  lime 
with  a  given  amount  of  coal  as  had  been  produced  under  ordinary 
conditions,  thus  obtaining  about  the  same  thermal  efficiency  with  the 

oal  as  had  previously  been  obtained  with  the  wood  fuel. 

8  The  lime  kiln,  by  the  way,  affords  a  most  interesting  device  for 
the  study  of  combustion,  as  it  is  probably  one  of  the  most  efiicient.  I 
have  recorded  87  per  cent  efficiency  in  the  tests  of  such  a  kiln.  This 
long  flame  theory  has  been  applied  with  great  saving  of  fuel  in  indus- 
tries where  comparatively  low  temperatures  over  large  areas  were 
sought.  Of  course,  such  treatment  would  not  do  at  all  in  steam 
practice. 

9  My  theory  is  that  fuels  differ  one  from  the  other  (leaving  out 
of  consideration  the  question  of  relative  thermal  values),  mainly  as 
their  velocities  of  combustion  differ,  or  as  they  more  or  less  readily 
combine  with  air.  We  are  too  liable  to  judge  of  fuels  from  the  ther- 
mal value  standpoint,  which  is  proper  in  steam  practice,  but  not 
where  a  fragmental  mass  of  large  area  is  to  be  heated  and  the  heat 
evenly  distributed. 

10  The  operation  of  calcining  with  the  liberation  of  COg  from 
CaCOg  commences  at  about  752  deg.  fahr. ;  while  the  calcining  of 
MgCOg  requires  an  inappreciably  small  amount  of  heat,  and  even 
though  the  calcium  carbonate  under  treatment  is  in  a  fine  pulveru- 
lent form,  the  duration  of  the  calcining  process  cannot  be  forced  by 
the  application  of  high  heat  but  must  be  allowed  to  proceed  slowly. 
This  is  especially  the  case  where  silica  is  present,  as  the  subjecting 
of  the  carbonate  of  lime  with  the  silica  to  too  high  a  temperature 
causes  melting  of  the  silica  when  lime  is  not  present,  forming  clinker. 
I  am  also  convinced  that  less  heat  is  required  for  calcining  when 
silica  is  present. 

11  The  author  has  raised  the  often  debated  question  as  to  what 
should  be  the  length  of  the  new  long  kiln.  I  am  of  the  opinion  that 
we  should  use  the  long  kiln  for  calcining  purposes  only  and  conduct 
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the  clinkering  or  exothermic  operation  in  a  separate  kiln  designed 
to  be  operated  with  regenerative  checkers,  utilizing  producer  gas 
for  fuel.  This  question  could  be  easily  settled,  as  the  economical 
length  of  the  calcining  kiln  would  be  regulated  by  the  temperature 
of  the  escaping  gases,  which  should  be  the  lowest  possible.  At 
present,  where  the  two  operations  are  conducted  in  one  kiln,  it  is 
necessary  to  withdraw  rapidly  the  products  of  combustion  from  the 
front  of  the  kiln  to  allow  for  the  rapid  evolution  of  heat  from  the 
stream  of  fuel  which  must  be  burned  with  short  duration  so  as  to 
produce  high  localized  temperature.  A  division  of  the  process  will, 
I  believe,  allow  the  use  of  heat  regenerators  for  the  final  step,  and 
the  use  of  producer  gas,  hitherto  unsuccessful,  will  obviate  the  grind- 
ing of  coal.  By  the  regeneration  of  air  for  calcining  only  and  the  use 
of  a  low  temperature  long  flame  in  a  long  calcining  kiln,  I  believe  that 
stack  gases  can  be  brought  down  lower  than  200  deg.  fahr.  in  both 
steps  and  nearer  the  theoretical  amount  of  air  used  to  support  com- 
bustion which  would  mean,  among  several  other  benefits,  a  great 
saving  in  fuel. 

The  Author  Considerable  difl&culty  was  experienced  a  short 
time  ago  in  making  tests  upon  a  kiln  in  which  an  electric  LeChatelier 
pyrometer  was  used  for  observing  temperatures.  Holes  were  drilled 
at  certain  intervals  throughout  the  length  of  the  kiln,  porcelain 
tubes  inserted  and  the  temperatures  read.  It  was  practically 
impossible  to  observe  the  temperature  of  both  the  gases  and  materials 
in  the  kiln;  the  temperatures  were  taken  while  the  kiln  was  revolving 
and  the  tubes  were  broken  because  of  the  materials  striking  them. 
At  one  or  two  stations,  however,  we  obtained  the  exact  temperatures 
of  the  materials  which  were  of  course  considerably  less  than  the 
temperature  of  the  gases  at  the  same  points.  Fig.  1  and  Fig.  2  show 
the  curves  plotted  from  the  results  of  these  previous  tests,  giving  the 
exact  temperatures  of  the  gas  and  the  probable  temperatures  of  the 
material  and  we  do  not  believe  the  temperature  of  the  material  will 
vary  more  than  100  to  200  deg.  in  the  higher  temperatures  than 
those  stated.  This  test  was  made  on  a  100  ft.  kiln,  using  the  ordinary 
wet  process,  and  analyses  were  made  of  samples  taken  at  each  point 
where  temperatures  were  observed.  The  temperature  of  the  clinker 
was  observed  by  inserting  the  porcelain  tube  of  the  pyrometer  in 
the  pile  of  clinker  after  it  was  discharged  from  the  kiln. 

2  The  point  Mr.  Eldred  makes  of  dividing  a  kiln  into  two  parts 
and  using  the  kiln  proper  for  calcining  purposes  only,  and  producing 
the  clinkering  results  in  a  specially  designed  kiln,  can  be  answered 
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in  this  way:  The  tendency  of  the  successful  Portland  cement  manu- 
facturer is  to  concentrate  all  operations  into  as  few  steps  as  possible 
and  practical;  in  other  words,  to  simplify  the  process  by  installing 
as  few  machines  and  equipments  as  are  necessary  to  produce  the 
desired  results.  In  a  "wet  process"  or  a  "semi-dry process"  plant 
the  long  kiln  combines  three  different  operations  in  one,  namely;  dry- 
ing, calcining  and  clinkering,  and  it  has  been  proved  by  actual 
experience  that  the  long  kiln  is  far  more  economical  in  point  of  pro- 
duction and  cost  in  the  drying  operation  than  the  installation  which 
operates  a  preliminary  dryer  for  the  raw  mix  before  it  enters  the  kiln 
proper,  and  it  is  a  question  in  the  writer's  mind,  if  figured  in  pounds 


Note:-  Temperature  at  Station  11;  1;  12;  actually  observed 

FIG.  I 

Maximum  Temperatures  of  Materials  in  100  ft.  by   6  ft.  by  7  ft.  Kiln 
(Calculated  irom  Gas  Temp.) 

of  coal  per  barrel,  which  of  course  must  include  the  increased  horse 
power  necessary  to  operate  the  special  klin  for  clinkering,  whether 
the  cost  of  operating  the  two  independent  kilns  would  be  less  than 
the  cost  of  operating  the  long  kiln, 

3  Referring  to  Professor  Carpenter's  discussion:  To  the  writer's 
personal  knowledge,  over  10  per  cent  of  the  Portland  cement  made 
last  year  was  manufactured  by  what  is  known  as  the  "semi-dry 
process;"  in  other  words,  sufficient  water  was  added  to  the  ground 
raw  material  to  enable  a  perfect  uniform  mixture  to  be  made  before 
the  material  entered  the  kiln.  There  are  many  instances  in  the 
manufacturing  business  today  in  which  the  engineer  must  make 
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concessions  to  the  manufacturer,  and  this  is  one  of  them.  If  a  com- 
pany has  been  operating  for  some  time,  producing  a  superior  article 
and  enjo3dng  the  reputation  of  never  having  had  this  article  rejected, 
it  is  going  to  take  a  strong  argument  to  induce  them  to  make  an 
important  change  in  the  process  of  manufacture  of  that  article.  In 
the  Lehigh  Vallej^,  what  is  called  cement  rock  is  used  almost  exclu- 
sively for  the  manufacture  of  Portland  cement;  in  this  rock  nature 
has  intimately  mixed,  far  better  than  man  could  do,  the  two  requisite 
materials  necessary  for  the  manufacture  of  Portland  cement,  namely, 
limestone  and  shale,  or  calcium  and  silica.  In  certain  cases,  possibly 
5  per  cent  of  either  material  is  added  in  order  to  make  the  analysis 
of  the  raw  material  perfect.     Because  of  this  intimate  mix,  the 
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material  burns  at  a  lower  temperature  and  at  a  correspondingly 
lower  fuel  consumption  per  barrel  than  in  the  case  where  two  inde- 
pendent materials,  such  as  limestone  and  shale,  or  marl  and  clay,  are 
ground  and  mixed  and  burned  into  Portland  cement  clinker.  At 
one  time  it  was  thought  impossible  to  produce  a  Portland  cement  by 
the  mixture  of  two  independent  materials  such  as  these,  but  the 
industry  has  grown,  and  just  as  good  Portland  cement  is  manufac- 
tured west  and  north  of  the  Lehigh  Valley  as  is  made  in  any  of  the 
original  plants.  Theoretically  the  actual  amount  of  heat  necessary 
to  evaporate  the  amount  of  moisture  added  to  the  raw  mix  may 
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exceed  in  cost  the  loss  in  stack  dust,  increased  horse  power  necessary 
to  grind  the  raw  material  from  3  to  8  per  cent  finer  in  the  case  of  the 
"dry  process,"  but  it  may  be  difficult  to  produce  a  clinker  through 
the  dry  process  and  operating  on  two  independent  materials,  which 
would  remain  absolutely  uniform  the  year  round. 

4  Relative  to  Professor  Carpenter's  criticism:  that  the  results  for 
the  60  ft.  kilns  were  extremely  poor,  we  beg  to  refer  him  to  Par,  9, 
and  Par.  16  of  the  original  article.  The  short  time  test  on  a  plant 
may  look  good  on  paper,  but  it  is  the  long  time  test  which  proves 
whether  or  not  a  plant,  though  theoretically  perfect  in  one  case  and 
practical  in  the  other,  is  financially  successful.  The  maximum 
capacities  of  the  kilns,  of  course,  were  observed,  but  the  test  includes 
shut  downs,  repairs,  inclement  weather,  etc.  In  the  case  of  the  long 
kiln  600  barrels  were  produced  in  one  day,  and  the  maximum  limit 
was  very  much  beyond  this;  in  other  words,  it  was  impossible  to 
feed  sufficient  material  into  the  kiln. 

5  Relative  to  the  stack  temperature  of  1300  deg.  fahr.  of  the  60 
ft.  kiln,  the  writer  has  observed  in  many  instances,  in  Michigan, 
in  the  "wet  process,"  stack  temperatures  of  from  1000  to  1500  deg. 
fahr, 

6  There  was  no  intention  of  being  unfair  to  Professor  Carpenter 
in  stating  that  his  system  of  using  waste  gases  from  the  kUns  under 
boilers  was  impracticable.  The  statement  was  based  upon  the  fact 
that  to  our  knowledge  only  two  plants  using  this  method  are  in  exist- 
ance  at  the  present  time,  and  the  second  one  to  adopt  it  is  now  con- 
structing a  third  plant  in  close  proximity  and  installing  the  long  kilns. 
It  may  be  said  in  favor  of  the  system,  however,  that  in  some  cases  the 
cost  of  tearing  out  the  short  kilns  and  installing  the  long  ones  would 
be  prohibitive  and  the  boilers  might  be  installed  but  only  under  the 
most  favorable  conditions.  In  a  modern  up  to  date  Portland  cement 
plant  simplicity  is  the  watch  word.  Much  machinery  and  special 
apparatus  may  look  good  on  paper  and  operate  successfully  part  of 
the  time,  but  they  cause  shut  downs  and  delays  and  do  not  produce 
cement  all  the  time. 
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Comparison  with  Cost  of  Dry-pipe  and  Calcium  Chlorid 
Sprinkler  Equipments 

By  H.  O.  LACOUNT,  BOSTON,  MASS. 
Non-Member 

In  the  work  of  the  Associated  Factory  Mutual  Fire  Insurance 
Companies  the  problem  of  protecting  store  houses  and  their  valuable 
contents  against  fire  has  required  careful  study.  In  nearly  all  classes 
of  manufacturing  properties  experience  has  conclusively  demon- 
strated that  the  automatic  sprinkler,  supplied  with  ample  water,  is 
the  best  means  of  protection.  As  is  generally  known,  the  automatic 
sprinkler  has  an  orifice  about  ^  inch  in  diameter  which  under  normal 
conditions  is  closed  by  a  valve  held  in  place  by  links  or  struts,  so 
arranged  that  on  the  melting  of  some  fusible  solder  the  valve  is  libe- 
rated and  water  immediately  discharged.  For  the  average  case,  a 
temperature  of  160  degrees  fahr.  is  sufficient  to  open  a  sprinkler  and 
the  great  work  which  the  automatic  sprinkler  has  done  in  reducing  fire 
losses  comes  from  the  fact  that  it  stands  ready  night  and  day  instantly 
to  deluge  a  fire  with  water  at  its  start.  The  records  show  that  the 
majority  of  fires  are  held  in  check,  or  even  extinguished,  by  the  open- 
ing of  less  than  a  half  dozen  sprinklers. 

2  Long  experience  showed  that  store  houses  used  for  holding  large 
amounts  of  cotton,  wool,  hemp,  jute,  together  with  the  manufactured 
articles  made  from  these  stocks,  and  many  other  miscellaneous  prod- 
ucts, needed  protection  to  prevent  bad  losses  in  much  the  same  way 
that  manufacturing  buildings  needed  it.  And  again  the  automatic 
sprinkler  was  found  the  best  device. 

3  The  larger  part  of  the  store  houses,  however,  are  not  heated,  so 
that  in  winter,  water  in  the  sprinkler  pipes  would  freeze.  This  led  to 
the  development  of  several  types  of  automatic  valves  which  would 
permit  draining  water  from  the  sprinkler  system  during  cold  weather 
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and  filling  the  pipes  with  air  under  pressure.  The  valve,  ordinarily 
kno^Yn  as  a  "  dry-pipe  valve, "  was  so  designed  that  on  the  opening  of  a 
sprinkler  and  the  escape  of  the  air,  the  valve  would  let  in  the  water. 
Experience  again  has  shown  that  with  valves  of  certain  types,  prop- 
erly cared  for,  reliable  sprinkler  protection  can  be  obtained  in  this 
way,  and  a  large  number  of  such  equipments  have  been  put  in. 

4  Dry-pipe  valves  add  appreciably  to  the  first  cost  of  the  equip- 
ment. They  require  frequent  attention  w^hile  in  service,  and  there  is 
necessarily  a  delay,  averaging  perhaps  a  minute,  between  the  opening 
of  a  sprinkler  and  the  discharge  of  water,  which  means  where  there  are 
inflammable  contents,  that  the  fire  may  spread,  opening  more  sprink- 
lers than  would  have  been  necessary  had  the  first  one  instantly 
deluged  the  small  blaze  with  water,  the  result  being  excessive  water 
damage.  Again,  there  is  always  the  chance  of  a  system  being  put  out  of 
commission  for  some  time  due  to  water  freezing  in  the  pipes  in  case  they 
were  filled  and  could  not  be  promptly  drained.  For  these  reasons,  it 
has  always  been  considered  preferable  to  have  the  full  water  pressure 
constantly  on  the  heads,  and  this  raised  the  question  of  the  possibility 
of  economically  warming  storehouses  just  sufficiently  to  prevent  freez- 
ing. 

5  There  was  no  question  but  that  as  a  rule  brick  store  houses  could 
be  warmed  more  easily  and  therefore  at  much  less  expense  than  those 
built  of  w^ood,  but  just  what  it  would  cost  was  not  definitely  known. 
This,  therefore,  became  the  subject  of  investigation,  and  in  1901  the 
matter  was  referred  to  the  Inspection  Department,  which  is  the  engi- 
neering bureau  for  the  Mutual  Companies,  and  the  work  was  carried 
on  under  the  author's  direction. 

Two  methods  of  procedure  presented  themselves: 

a  Apply  certain  formulae  previously  developed  by  several 
eminent  German  engineers  and  frequently  used  in  such 
cases; 

h  Determine  definitely  by  test  the  actual  cost  in  one  or  more 
heated  buildings. 

6  In  most  calculations  of  heat  required  the  normal  inside  tempera- 
ture has  usually  been  assumed  to  be  about  70  degrees  fahr,,  varying 
from  say  50  degrees  for  rooms  in  which  persons  exercise  vigorously 
to  say  75  to  80  degrees  for  such  rooms  as  in  hot-houses.  However, 
in  store  houses  it  is  only  necessary  to  maintain  the  temperature  a  few 
degrees  above  freezing,  and  as  there  seemed  to  be  but  few  data  on 
record  from  actual  tests  of  such  buildings  it  was  decided  to  make 
tests  as  there  was  opportunity. 


COST   OF   HEATING    STORE   HOUSES  161 

DIFFERENCE  BETWEEN  TEMPERATURES  INSIDE  AND  OUTSIDE  OF  STORE 

HOUSE 

7  In  1901  we  did  not  know  of  any  heated  store  houses  where  a  test 
could  be  made  of  the  actual  amount  of  steam  required  to  keep  the 
temperature  in  such  buildings  above  freezing,  say  at  40  to  45  degrees 
fahr.,  and  therefore  as  a  preliminary  step,  a  series  of  tests  was  carried 
on  during  the  winter  of  1901-1902  in  several  store  houses  in  different 
parts  of  the  country  to  determine  the  average  difference  between  the 
outside  and  inside  temperatures  of  unhealed  buildings  when  used  in 
the  ordinary  way  for  store  house  purposes. 

8  It  was  assumed  that  the  temperature  inside  light  wooden  build- 
ings would  necessarily  closely  follow  the  outside  temperature  and 
therefore  this  class  of  building  was  not  included  in  the  test,  but  only 
those  of  brick  in  which  an  appreciably  higher  inside  temperature 
might  be  expected.  However,  buildings  of  different  sizes  were  chosen 
to  see  what  influence  this  item  of  cubical  contents  might  have  on  the 
relative  inside  and  outside  temperatures,  and  by  selecting  store  houses 
in  different  sections  of  the  country  a  wide  variation  of  weather  condi- 
tions could  be  studied.  With  these  points  in  mind  the  following  mills 
were  asked  to  cooperate  in  carrying  on  tests  in  buildings  mentioned: 
Lewiston  Bleachery  &  Dye  Works,  Lewiston,  Me.;  Nashua  Manu- 
facturing Company,  Nashua,  N.  H.;  Johnston  Harvester  Company, 
Batavia,  N,  Y.;  Hamilton  Manufacturing  Company,  Lowell,  Mass.; 
Mount  Vernon- Woodberry  Cotton  Duck  Company,  No.  1  Mill,  Balti- 
more, Md.  In  every  case  the  mill  managements  were  very  ready  to 
give  their  assistance,  and  to  them  and  to  those  men  at  the  several 
plants  who  took  the  readings,  looked  after  the  thermometers,  and 
kept  the  records,  the  credit  for  the  success  of  this  part  of  the  work  is 
very  largely  due. 

9  Each  mill  was  sent  a  Draper  recording  thermometer  to  be  hung 
inside  the  store  house;  a  maximum  and  minimum  thermometer  to  be 
placed  out  of  doors  near  the  building,  and  a  dated,  loose-leaf  note 
book,  in  which  was  to  be  recorded  (twice  a  day),  the  readings  of  the 
outside  thermometer,  direction  and  force  of  wind  (light,  moderate, 
strong),  condition  of  weather  (fair,  cloudy,  snow,  rain)  and  approxi- 
mately how  much  of  the  time  the  outside  doors  were  open.  The  dial 
from  each  recording  thermometer,  giving  a  week's  record  of  inside 
temperature,  together  with  the  leaves  from  the  note  book  correspond- 
ing to  that  week,  were  returned  weekly, 

10  From  these  data  temperature  curves  w^ere  drawn  for  each  store 
house,  see  Fig.  1,  2,  3,  4  and  5  inclusive,  weather  conditions  being  also 
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indicated  thereon.  A  plan  of  each  property  in  the  vicinity  of  the 
store  houses  under  test  is  also  given,  showing  roughly  to  what  extent, 
if  any,  the  store  house  was  shielded  from  the  wind  by  the  neighboring 
buildings. 

These  curves  show  that  as  a  general  rule: 

a  The  inside  temperature  changes  gradually  and  does  not 
follow  the  sudden  temperature  changes  out  of  doors. 

The  apparent  rapid  fall  of  the  inside  temperature  shown  in 
some  of  the  houses  generally  took  place  during  the  forenoons 
and  undoubtedly  was  due  to  the  opening  of  the  outside  doors. 

6  The  inside  temperatures  were  a  fairly  good  average  of  the  out- 
side temperatures. 

With  but  few  exceptions,  they  never  reach  either  the  highest  or 
the  lowest  outside  readings,  even  when  the  outside  condi- 
tions remained  reasonably  constant  for  a  number  of  days. 

J  t  is  to  be  noted  that  the  temperature  inside  the  brick  store  house  at 
the  Mt.  Vernon-Woodberry  Cotton  Duck  Co.,  Baltimore,  Md,,  kept 
well  above  the  freezing  point  throughout  the  winter. 

TESTS   OF   STEAM   HEATED    STORE   HOUSES 

11  During  the  summer  of  1902  No.  3  store  house  of  the  Hamilton 
Manufacturing  Company  of  Lowell,  Mass.,  in  which  temperature  read- 
ings had  been  taken  the  previous  winter,  was  equipped  with  steam 
heating  pipes,  so  that  water  could  be  kept  on  the  sprinklers  during 
cold  weather.  This  offered  an  opportunity  to  determine  the  amount 
of  steam  necessary  to  keep  the  building  warm,  and  the  owners  were 
entirely  willing  to  have  a  test  made,  which  was  done  in  February, 
1903. 

12  About  this  time  store  house  No.  22  of  the  Lewiston  Bleachery 
and  Dye  Works,  Lewiston,  Me.,  in  which  temperature  readings  had  also 
been  taken  during  the  winter  of  1901-1902,  was  piped  for  steam,  and 
during  the  summer  of  1903  the  large  4-section  store  house  A  of  the 
Bates  Manufacturing  Company,  Lewiston,  Me.,  was  built  and  also 
piped  for  steam  heating.  At  the  Androscoggin  Mills,  Lewiston,  Me., 
the  building  known  since  1903  as  store  house  No.  6,  was  heated. 
These  buildings  gave  additional  opportunity  to  obtain  data  on  the 
cost  of  heating,  and  in  each  case  the  owners  readily  consented  to  a  test. 
Arrangements  were  therefore  completed  for  tests  in  these  three  store 
houses  in  January,  1904. 
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DESCRIPTION   OF   BUILDINGS    AND    EQUIPMENT 

13  The  above  four  store  houses  and  their  surroundings,  also 
arrangement  of  steam  pipes,  are  shown  on  Fig.  6,  7,  8,  9  and  10. 
The  buildings  and  heating  systems  are  briefly  described  as  follows: 
The  Hamilton  Manufacturing  Company  No.  3  Store  House  (see  Fig. 
6  and  7)  was  of  brick,  plank,  and  timber  construction  100  by  192  ft. ,  ten 
stories  and  basement.  The  building  was  divided  into  vertical  sections 
by  a  blank  fire  wall.  Access  to  the  several  floors  was  obtained 
through  double  tin-clad  fire  doors  in  a  common  elevator  and  stair 
tower,  the  tower  being  open  on  one  side  out  of  doors.     The  surround- 


FIG.  7     STORE  HOUSE  NO.  3,  HAMILTON  MFG.  CO.,  LOWELL.  MASS 


ing  buildings  were  comparatively  low,  affording  no  wind  protection  to 
the  upper  stories.  The  building  had  a  large  number  of  windows  of 
small  area,  made  of  ordinary  glass  in  wooden  frames.  There  were  a 
few  doors  on  the  first  floor  for  shipping  purposes  in  addition  to  those  in 
the  tower.  There  were  numerous  cracks  in  the  floors,  due  to  the 
shrinking  of  the  planks. 

14  In  the  basement  was  a  warm  opener  room  about  100  by  40 
ft.  which  was  not  included  in  the  test.  The  other  floors  contained 
cotton  in  bales  and  cloth  in  bales  and  cases,  with  the  exception  of  two 
floors  of  one  section,  which  were  vacant.  The  store  house  was  possibly 
two-thirds  full. 
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15  The  heating  system  consisted  of  one  line  of  1^  inch  pipe  near 
the  ceiling,  about  3  feet  from  the  outside  walls  of  each  floor,  with  an 
additional  loop  in  the  top  floor  under  the  roof.  These  pipes  were 
supplied  from  two  risers,  one  in  each  section,  the  lower  half  of  each 


FIG.  8  STORE  HOUSE  NO.  22,  LEWISTON  BLEACHERY  AND  DYE  WORKS. 

LEWISTON,  ME. 

riser  being  3  inches,  the  upper  half  2  inches.  The  pipes  also  connected 
with  two  drains,  one  for  each  section,  the  lower  half  of  each  being  2 
inches,  the  upper  1^  inches.  Steam  could  be  cut  off  from  any  floor  by 
gates  at  the  risers,  and  as  noted  later,  approximately  every  alternate 
floor  was  kept  shut  off  during  the  test,  which  probably  could  not  have 
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been  done  had  it  not  been  for  the  cracks  in  the  floors,  which  allowed 
the  heat  from  one  story  to  pass  into  the  one  above. 

16     The  steam  was  taken  from  one  of  the  main  mill  supply  pipes 
and  tapped  at  different  points  for  various  purposes.     The  distance 


FIG.  9    STORE  HOUSE  A,  BATES  MFG.  CO. 


from  the  boiler  house  to  the  store  house  along  the  pipe  was  about  1200 
feet;  boiler  pressure,  76  pounds;  pressure  at  store  house,  50  pounds. 
By  means  of  a  reducing  valve  at  the  point  of  entrance  to  the  store 
house  the  pressure  in  the  heating  system  was  kept  at  2  pounds  or  less, 
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by  gage,  except  for  a  few  hours  one  afternoon,  when  the  pressure 
was  increased  to  from  6  to  10  pounds  in  anticipation  of  an  exceptionally 
cold  night.  The  drain  pipes  from  the  heating  system  were  run  to  one 
"dump"  trap,  which  deUvered  all  condensed  steam  into  the  barrels 
used  in  the  test. 
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FIG.  10    STORE  HOUSE  NO.  6,  ANDROSCOGGIN  MILLS.  LEWISTON,  ME. 


17  The  Lewiston  Bleachery  and  Dye  Works  store  house  No.  22  (see 
Fig.  8)  was  of  brick,  plank  and  timber  construction,  74  by  280  feet, 
two  stories  and  basement,  divided  into  four  vertical  sections  by  fire 
walls  having  double  tin-clad  fire  doors  at  the  openings.  There  were 
no  openings  between  the  basement  and  first  floor  but  from  the  first  to 
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second  floor  were  two  open  stairways  and  one  open  chute.  The  store 
house  was  shielded  from  the  wind  to  some  extent  by  buildings  on 
three  sides.  The  buildings  had  several  windows,  but  of  small  area, 
made  of  ordinary  glass  in  wooden  frames,  and  there  were  four  or  five 
outside  doors;  the  basement  contained  chemicals  and  miscellaneous 
storage,  and  the  first  and  second  stories  contained  cotton  goods  in 
bales  and  cases.     The  store  house  was  about  two-thirds  full. 

18  The  heating  system  consisted  of  one  hne  of  IJ  inch  pipe  near 
the  ceiling,  a  few  feet  from  the  outside  walls  of  each  story,  with  an 
extra  loop  in  the  top  story  of  one  end  section,  to  take  care  of  the  extra 
cold  due  to  the  roof  and  wind  exposure  from  that  direction. 

19  The  steam  was  taken  from  the  mill  boilers  through  about  175 
feet  of  4  inch  pipe  to  a  reducing  valve  in  the  basement  of  No.  14  build- 
ing, thence  through  about  100  feet  of  1^  inch  pipe  to  the  store  house. 
The  boiler  pressure  was  80  pounds;  pressure  in  the  heating  system,  12 
to  15  pounds  by  gage.  Both  4  inch  and  1^  inch  supply  pipes  above 
mentioned  were  covered  with  magnesia  and  drained  away  from  the 
store  house.  The  heating  pipes  in  the  store  house  were  drained  into 
a  trap  which  delivered  into  the  barrels  used  in  the  test. 

20  The  Bates  Manufacturing  Company  store  house  A  (see  Fig.  9) 
was  of  brick,  plank  and  timber  construction,  254  by  1 13  feet,  four  stories 
and  basement  divided  into  four  vertical  sections  by  blank  fire  walls, 
access  to  the  different  floors  being  obtained  through  tin-clad  fire  doors 
in  the  elevator  and  stair  towers.  The  building  was  protected  from 
the  wind  to  some  extent  by  surrounding  buildings.  The  building 
contained  numerous  windows  of  small  area  made  of  wired  glass  set 
in  metal  frames. 

21  With  the  exception  of  two  warm  opener  rooms,  each  34  by  22 
feet,  not  included  in  test,  the  basement  was  vacant.  The  upper 
floors  contained  cotton  in  bales  and  cased  goods,  and  w^ere  nearly  full. 

22  The  heating  system  consisted  of  one  hne  of  IJ  inch  pipe  near 
the  ceiling  running  entirely  around  each  section  in  each  floor,  the  pipe 
being  located  a  few  feet  from  the  walls.  There  were  two  supply 
pipes  and  two  drain  pipes  for  each  section,  and  a  sufficient  number  of 
gates  were  provided  so  that  the  heating  pipes  could  be  controlled  in 
four  divisions  in  each  floor.  In  addition  to  the  above,  three  radiators 
were  placed  in  each  section  of  the  first  floor  along  the  northeast  wall  to 
prevent  freezing  of  the  water  in  the  sprinkler  pipes  near  the  doors, 
which  were  necessarily  opened  from  time  to  time  when  making  or 
receiving  shipments. 

23  Steam  was  supplied  from  the  mill  boilers  about  380  feet  distant. 
The  steam  main  for  mill  service  was  tapped  a  short  distance  from  the 
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store  house  for  a  3-inch  supply  for  this  heating  system.  The  boiler 
pressure  was  65  pounds,  and  at  the  entrance  to  the  store  house  60 
pounds  during  the  first  part  of  the  test,  but  during  the  final  test  the 
pressure  was  reduced  to  about  10  pounds  by  throttling  the  valve  at 
the  entrance,  no  reducing  valve  having  been  provided.  The  S3'stem 
was  originally  laid  out  with  a  trap  at  the  bottom  of  each  vertical 
drain  pipe,  these  traps  discharging  into  a  common  return  drain. 
However,  they  did  not  operate  satisfactorily  and  were  cut  out  and  a 
large  trap  was  inserted  in  the  common  return  pipe  for  the  tests,  this 
trap  discharging  into  the  barrels. 

24  The  Androscoggin  Mills  No.  6  store  house  (see  Fig.  10)  was  of 
wood,  160  by  72  feet,  one  story  high,  having  plank  and  timber  roof 
and  floor,  and  walls  made  of  two  thickness  of  boards,  with  two  thick- 
nesses of  heavy  building  paper  between  them,  a  total  thickness  of  2^ 
inches.  The  building  was  divided  into  two  vertical  sections  by  a  fire 
wall  containing  one  opening,  protected  by  a  double  tin-clad  fire  door. 
The  building  had  four  large  windows,  protected  by  outside  storm  win- 
dows. There  were  also  two  outside  doors.  The  building  contained 
mostly  cotton  in  bales  and  was  nearly  full.  The  heating  S3'stem  con- 
sisted of  one  line  of  1^  inch  pipe  located  near  the  ceiling,  a  few  feet 
from  the  outside  walls,  and  an  additional  length  of  1^  inch  pipe 
through  the  center  of  the  building. 

25  Steam  was  taken  from  the  No,  1  boiler  plant  through  about  350 
feet  of  10  inch  and  6  inch  pipe,  where  it  passed  through  a  reducing 
valve  located  in  No.  2  boiler  house  adjoining  the  store  house.  The 
boiler  pressure  was  95  pounds,  pressure  at  entrance  to  store  house,  15 
pounds  by  gage.  The  condensed  steam  was  piped  to  a  trap  in  No.  2 
boiler  house,  which  was  discharged  into  the  barrels  used  in  the  test. 

26  In  working  up  the  results  of  the  tests  on  the  above  heated  store 
houses  it  has  been  of  interest  to  note  the  difference  or  similarity,  as 
the  case  might  be,  between  the  several  buildings  and  their  equipments, 
and  to  facilitate  comparison  the  follo'^'ing  summar}^  has  been  pre- 
pared in  tabular  form,  giving  in  parallel  columns  certain  data  regard- 
ing size  and  construction  of  buildings,  heating  system,  etc. 
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TABLE  1  SUMMARY  OF  DATA  REGARDING  HEATED  STORE  HOUSES 


Items 


Hamilton 

Mfg. 

St.  H. 

No.  3 


Location Oae  city 

block 

City  and  State Lowell, 

Mass. 
Walls 

Material    Brick 


Thickness  in  inches 


Size 


Ground  plan  dimensions  in  feet    . .     192  x  100 

Height  above  ground  in  feet 90 

Depth  below  ground  in  feet 5 

Number  of  floors 10  •&  bsmt 

Sections 

Number  vertical 

Size  of  each  in  feet    117x100 

I     75x100 
Doors  through  party  walls '  None 


30  to  16 


Stair  and  elevator  tower 

Size  in  feet 

Outside  or  enclosed  . . 

Framing,  etc. 

Plank  and  timber  . . . 
Width  of  bays  in  feet 
Floor  beams  in  inches 


Floor  planks  in  inches 

Roof  beams  in  inches   

Roof  planks  in  inches    

Cubical  contents 

Exclud.  tower  not  heated  in  cu  ft. 

Exclud.  bsmt.  and  tower  in  cu.  ft. 

Per  cent  bsmt.  to  total  cu.  ft 

Outside  surface  exposed  to  cold  in  sq.ft. 

Area  of  roof  in  sq.  ft 

Per  cent  roof  area  to  total  area  . . . 

Area  of  walls  above  ground  ex- 
posed to  cold  in  sq.  ft 

Windows 

Total  number  and  kind 

Glass  area  in  sq.  ft 

Avr.  area  per  window  in  sq.  ft 

Per  cent  glass  area  to  wall  area ... 

Ratio  glass  area  to  cu.  contents 

exclud.  bsmt.  and  tower 

Outside  doors 

No.  of , 

Estimated  area  in  sq.  ft , 

Per  cent  door  area  to  wall  area    . . 

Ratio  door  area  to  cu.  contents 
exclud.  bsmt.  and  tower    

Per  cent  total  door  and  window 
area  to  wall  area   


20x20 

Outside 

Yes 

8 

14x16 

3 

10  x  12 


1,786,000 

1,622,800 

9 

75,360 

19,200 

26 


Lewiston 
Bl.  and 

Dye  Wks. 
St.  H. 

No.  22 


Bates  Mfg. 

Co. 
St.  H.  "A" 


Mill  yard  '     Mill  yard 


Lewiston, 
Maine 

Brick 
20  to  16 

208  X  74 

38  (av.) 

4 

2  &  bsmt. 

4 
52x74 


Lewiston, 
Maine 

Brick 
20  to  16 

254  X  113 

40  (av.) 

6 

4  &  bsmt. 

4 
64x113 


1  each  sec.     None 


None 
None 

Yes 
10 

Six  15 
and  12  x  14 
3 

3-3  x  12 
3 

646,464 

646,464 

26 

36,824 

15,392 

42 


56,160         21,432 


565  single 
3690 

6.5 

6.5 


109  single 
1207 
11.05 
5.6 


2-22  X  22 
^Enclosed 

Yes 

8 

10  X  16 

4 

6x14 

4 

1,275,764 

942,956. 

26 

56,028 

28,702 

61 

27,326 

92  single 
1164 
12.6 
4.7 


1  to  440        1  to  396        1  to  810 


30 
900 
1.6 

1  to  1803 

8.15 


344 
1.6 


1  to  1878 
7.23 


10 
350 
1.41 

1  to  2690 

5.54 


Androscoggin 

Mills,  St.  H. 

No.  6 


Mill  yard 

Lewiston , 
Maine 

Wood 
2i 

160  X  72 

13 

0 

1 

2 
72x80 


None 
None 


Yes 


8x8 
2 

149,760 

149,760 

0 

16,616 

11,520 

69 

5,096 

4  double 
128 
32.0 
2.5 

1  to  117 

2 
52 

1.02 

1  to  288 
3.64 
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TABLE  1— (Continued) 


Items 


Ratio  total  door  and  window  area 
to  cubic  contents  (exclud.  bsmt. 

and  tower) 

Occupancy 

Sections  contain    


Warm  opener  room  in  bsiBt. contains 
Heating  system 

Size  of  supply  pipe  in  inches    

Size  of  circulating  pipe  in  inches  .  . 

Length  of  circulating  pipe  in  feet.  . 

Total  heating  surface  including 
risers  and  drips  in  sq.  ft 

Circulating  pipe  onlj',  sq.  ft 

Per  cent  circulating  pipe  in  top 
story 

Ratio  heating  surface  in  top  stpry 
to  area  of  roof 

Ratio  total  heating  surface  to  cu. 
contents  exclud.  tower 

Ratio  total  heating  surface  to  area 
of  roof  and  walls  (expo  ed  to 
cold) 

Per  cent  of  heating  surface  used  in 

test    

Steam 

Pressure  at  boilers 

Pressure  at  st  .h 

Pressure  in  st.  h.  system  at  reduc- 
ing valve ■ 

Condition,  general  average 


Hamilton 
Mfg.  Co. 

St.  H. 

No.  3 


1  to  354 

Mostly  cot- 
ton in 
bales  and 
cloth  in 
cases 

7  openers 

3 
U 
6529 

3006 

2781 

16.3 
1  to  39 
1  to  594 


Lewiston 
Bl.  and 
Dye  Wks. 

St.  H. 

No.  22 


1  to  416 

Bmt.  chem- 
icals and 
lumber 
1  and  2 
goods  in 
cases 
No  room 

u 
u 

1500 

690  1 

605 

45 

1  to  44 

1  to  936 


1  to  25  1  to  534 

58  100 


76 

50± 


80 

12  to  15 


lto2(av.)    12  to  15 
Super-  Super- 

heated      I  heated 


Bates  Mfg. 

Androscoggin 

Co. 

Mills  St.  H. 

St.  H.  "A" 

No.  6 

» 

1  to  623 

1  to  830 

Bsmt.  mostly 

Baled  cotton 

vacant,  i 

cotton 

baled  and 

cased  goods 

Openers 

No  room 

3 

2 

li 

U 

5590 

636 

3730 

316 

2877 

316 

20.8 

1  to  40 

1  to  36 

1  to  342 

1  to  473 

1  to  14 

75 

65 


I  and  10 


60  and  10 
Primed 


1  to  53 
100 


95 

60 


15  to  17  (av.) 
Superheated 


METHOD    OF   TESTING 

27  Except  at  the  Hamilton  store  house,  a  short  preliminary  test 
was  made  in  order  to  see  that  the  conditions  were  favorable.  This 
was  then  followed  by  the  final  test,  the  results  of  which  are  given  later. 
The  preliminary  tests  are  not  included  in  figuring  the  cost  of  steam 
used,  but  the  readings  taken  are  given.  This  preliminary  test  was  of 
value,  especially  at  the  Bates  store  house,  in  that  it  showed  at  once 
that  more  steam  was  being  used  than  necessary,  and  consequently  the 
steam  pressure  was  reduced  for  the  final  test.  The  tests  at  the  Andros- 
coggin and  Lewiston  Bleachery  store  houses,  which  were  started  Jan 


COST   OF   HEATING    STORE   HOUSES  177 

uary  8,  1904,  were  discontinued  owing  to  the  sudden  rise  of  outside 
temperature  and  the  prospect  of  a  few  warm  days.  The  readings 
taken,  however,  are  also  given. 

28  The  method  of  determining  the  amount  of  heat  used  in  the 
buildings  was  substantially  the  same  in  all  cases,  and  consisted  in: 

a  Noting  pressure  or  temperature  of  the  steam  as  it  entered  the 

system. 
h  Determining  the  condition  of  the  steam  from  time  to  time 

by  calorimeter  tests. 
c  Weighing  all  condensed  steam  as  it  came  from  the  heating 

pipes,  night  and  day  during  entire  test. 
d  Noting  the  temperature  of  the  returned  water. 
From  these  data  the  British  thermal  units  per  hour  used  in  heating 
the  buildings  could  be  found. 

29  To  determine  the  condition  of  the  steam  entering  the  heating 
systems  of  the  store  houses,  tests  were  made  with  a  "barrel  calori- 
meter." For  this  purpose  a  wooden  barrel,  on  scales  and  provided 
with  a  valve  at  the  bottom  for  emptying,  was  used.  The  steam  heat- 
ing system  was  tapped  on  the  low  pressure  side  of  the  reducing  valve 
or  controlhng  gate  valve  by  a  small  pipe,  terminating  in  a  short  length 
of  rubber  hose.  In  some  cases  this  pipe  connection  was  several  feet 
long  and  was  very  carefully  jacketed  with  steam  pipe  covering  to 
avoid  condensation  as  far  as  possible. 

30  The  calorimeter  test  consisted  in  first  weighing  the  barrel 
empty,  filling  it  with  cold  water  and  again  weighing  it,  noting  also 
the  temperature  of  the  water.  Steam  was  then  allowed  to  blow 
through  the  small  pipe  connection  above  mentioned  until  it  was 
warmed  and  all  water  had  been  blown  out.  The  hose  was  swung 
into  the  barrel  and  the  steam  allowed  to  run  into  the  water  until  a 
certain  amount  had  been  condensed.  The  steam  was  shut  off,  the 
water  in  the  barrel  well  stirred,  and  the  temperature  noted.  This  test 
was  repeated  several  times  just  before  the  final  test  was  made. 

31  From  these  data  the  condition  of  the  steam  may  be  determined 
by  the  use  of  the  formula  given  in  "Thermodynamics  of  the  Steam- 
Engine,"  by  Cecil  H.  Peabody,  as  follows: 

If  the  pressure  of  the  steam  is  p,  and  the  part  of  each  pound  of  the  mixture 
which  is  steam  is  represented  by  X,  while  the  initial  and  final  temperatures  of 
the  water  are  t'  and  t",  and  the  weights  of  the  water  and  steam  are  W  and  w^ 
then 

r  and  q  being  the  latent  heat  and  heat  of  the  liquid  for  the  pressure  p,  and 
<f  and  q"  being  the  heats  of  the  liquid  for  the  temperatures  t'  and  t". 
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32  If  the  solution  of  the  above  formula  shows  X  =1,  the  steam  is 
saturated;  if  greater  than  1,  the  steam  is  superheated;  and  if  less 
than  1,  the  steam  is  wet.  While  this  method  is  not  accurate  it  was 
the  only  practicable  means  of  securing  data  on  this  point  and  did 
show  roughly  the  condition  of  the  steam.  In  most  cases  the  steam 
was  found  to  be  saturated,  although  occasionally  a  test  would  shfcw 
some  priming  and  at  times  slight  superheating.  Therefore,  in  esti- 
mating later  the  amount  of  heat  used  in  warming  the  buildings  the 
steam  was  assumed  to  have  been  dry  and  saturated  throughout  the 
tests. 

33  The  condensed  steam  was  weighed  in  two  barrels,  the  return 
drips  being  piped  into  a  trap  which  discharged  into  either  barrel  as 
desired.  Each  barrel  was  provided  with  a  cover  in  order  to  prevent 
evaporation  and  to  keep  the  conditions  more  uniform.  While  one 
barrel  was  filling,  the  other  was  emptied  and  weighed,  this  giving  the 
tare,  which  every  time  was  deducted  from  the  weight  of  the  barrel 
full.  The  exact  time  taken  to  fill  the  barrels  was  also  noted,  thus  per- 
mitting an  estimate  of  the  apparent  rate  at  which  the  steam  was  con- 
densed, that  is,  pounds  per  hour. 

34  In  addition  to  the  above,  temperature  readings  were  taken 
about  every  four  hours  in  different  parts  of  the  buildings.  Outside 
temperature  and  weather  conditions  were  also  noted.  From  these 
readings  curves  have  been  plotted,  Figs.  11, 12,  13  and  14,  showing 
graphicall}''  the  results  obtained. 

35  At  the  bottom  of  each  of  these  cuts  is  given  a  curve  showing 
the  British  thermal  units  per  hour  used  in  heating  the  buildings.  This 
curve  was  plotted  as  follows: 

From  the  "Tables  of  Saturated  Steam"  by  Cecil  H.  Peabody  the  total 
heat  in  B.  t.  u.  of  the  steam  at  the  pressure  at  which  it  entered  the 
heating  system  was  found;  also,  the  heat  of  the  liquid  in  B.  t.u.  corre- 
sponding to  the  temperature  of  the  returned  condensed  steam.  The 
heat  of  the  liquid  was  then  subtracted  from  the  total  heat,  giving  the 
amount  of  heat  in  B.  t.  u.  used  in  warming  the  store  house,  per  pound 
of  steam.  Multiplying  this  by  the  number  of  pounds  of  condensed 
steam  per  hour  gave  the  total  number  of  heat  in  B.  t.  u.  per  hour  con- 
sumed in  the  store  house,  as  plotted. 

36  During  the  tests  the  store  houses  were  used  in  the  usual  way, 
and  the  steam  was  turned  on  and  shut  off  by  the  mill  employees  as  they 
had  been  accustomed  to  do,  so  that  as  far  as  the  use  of  the  buildings 
was  concerned  the  conditions  during  the  tests  were  in  no  way  special 
and,  therefore,  w^ere  representative  of  the  average  service.  At  the 
Bates  store  house  the  preliminary  tests  showed  that  the  buildings 
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were  being  kept  at  an  unnecessarily  high  temperature,  and  a  corre- 
spondingly excessive  amount  of  steam  was  being  used.  In  the  final 
tests  at  this  store  house  the  steam  pressure  was  reduced,  as  previously 
mentioned,  with  a  view  to  keeping  the  temperature,  say,  between  40 
degrees  and  45  degrees,  which  practice  was  followed  after  the  tests. 

RESULTS    OF   TESTS 

By  referring  to  Figs.  11,  12,  13  and  14,  it  is  evident  that: 

a  The  temperature  inside  of  each  store  house  was  quite  uni- 
form in  the  upper  stories,  but  varied  somewhat  in  the  first 
story,  due  to  the  frequent  opening  of  the  outside  doors  for 
shipping. 
b  The  variation  in  the  steam  consumption  corresponded  roughly 
to  the  changes  in  the  outside  temperature. 
37     Throughout  three  of  the  tests,  namely,  the  Hamilton,  Lewiston 
Bleachery,  and  the  Bates,  a  pecuhar  action  of  the  steam  traps  was 
noted,  viz :  the  frequency  of  discharge  varied  widely  and  at  more  or  less 
equal  intervals,  although  the  conditions  in  the  store  house  changed 
only  gradually,  thus  giving  a  very  irregular  apparent  rate  of  condensa- 
tion as  shown  on  the  curves.     The  points  plotted  show  at  each  weigh- 
ing of  the  barrel  the  pounds  per  hour,  based  on  the  length  of  time  in 
which  the  barrel  was  filling.     The  irregular  discharge  was  probably 
due  to  the  traps  not  entirely  freeing  the  system  of  water  at  each  dis- 
charge, so  that  it  gradually  accumulated  in  the  basement  piping  until 
the  slight  increase  in  head  on  the  traps  caused  them  to  discharge  more 
often,  with  the  results  mentioned.     This  would  seem  to  be  confirmed 
also  by  the  curve  of  "  temperature  of  condensed  steam, "  in  that  while 
the  traps  were  operating  less  often,  the  temperature  of  the  water  dis- 
charged was  correspondingly  lower,  suggesting  that  it  had  been  lying 
in  the  pipes  longer  than  when  the  traps  were  discharging  more  fre- 
quently. 

c  While  the  temperature  of  the  condensed  steam  varied  con- 
siderably in  some  of  the  tests,  the  average  temperature 
was  about  200  degrees  fahr. 
d  Hamilton  store  house: 

/  The  maximum  variation  of  temperature  in  the  first  floor 
was  from  32  degrees  to  50  degrees,  the  lower  tempera- 
ture being  only  for  a  short  time,  apparently  coincident 
with  the  opening  of  the  large  outside  doors  for  shippi  ng 
In  the  upper  floors,  the  temperature  varied  from  34  de- 
grees to  51  degrees,  the  higher  temperature  occurring 
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several  hours  after  a  sudden  rise  of  temperature  out  of 
doors. 
2  The  effect  of  cracks  through  the  floors  is  clearly  shown,  in 
that  alternate  floors  may  be  kept  sufficiently  warm 
without  steam  in  those  floors,  although  the  temperatures 
were  uniformly  a  few  degrees  lower  in  those  floors  than 
where  the  steam  was  in  the  pipes, 
e  Lewiston  Bleachery  store  house: 

1  The  maximum  variation  of  temperature  in  the  entire  store 
house  was  from  37  degrees  to  59  degrees. 

38  These  extremes  do  not  show  on  the  curve  since  only  the  average 
readings  of  a  number  of  thermometers  throughout  the  buildings  are 
plotted. 

/  Bates  store  house: 

1  The  maximum  variation  of  temperature  in  the  first  floor 

was  from  45  degrees  to  64  degrees;    and  on  the  upper 
floor  37  degrees  to  58  degrees. 

2  With  the  store  house  tightly  closed,  as  during  the  night 

and  on  Sunday,  the  building  cooled  very  slowly. 
Therefore  it  had  been  the  practice  to  keep  the  steam 
shut  off  during  these  times,  but  of  course  keeping  watch 
of  the  inside  temperature.  The  tests  also  show  that  the 
store  house  required  several  hours  with  the  steam  on  to 
regain  its  normal  condition. 
S  With  about  10  pounds  steam  pressure  in  the  heating  sys- 
tem night  and  day,  the  average  temperature  throughout 
the  store  house  was  substantially  the  same  as  when  the 
steam  was  in  the  pipes  during  the  day  time  only, — that 
is,  from  6  a.  m.  to  6  p.  m.  but  at  60  pounds  pressure.  It 
is  also  of  special  interest  to  note  that  under  these  condi- 
tions, the  steam  consumption  per  24  hours  was  about 
35  per  cent  greater  with  60  pounds  steam  pressure  dur- 
ing the  days  than  with  10  pounds  continuously. 
(j  Androscoggin  store  house: 

/  The  rate  of  condensation  in  the  heating  system  was  quite 
uniform,  notwithstanding  the  considerable  variation  of 
outside  temperature  and  a  comparatively  uniform  tem- 
perature in  the  building, 

39  Table  2  gives  a  summary  of  the  inside  and  outside  temperatures 
and  the  cost  of  heating  for  the  period  during  which  store  houses  were 
under  test. 
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Items 


Hamilton 
Mfg.  Co. 

St.  H. 

No.  3 


Lewiston    | 
Bl.  &    DyejBates  Mfg.  Co! 
Wks.St.H.l    St.  H.  "A" 

No.  22      i  ' 


Androscoggin 

Mills  St.  H. 

No.  6 


Date  of  Test 

Temperature  (Degrees  fahr.) 
Outside 

Average    

Maximum 

Minimum   

Inside  (exc.  warm  basements)  . 

Average    

Maximum 

Minimum    

Difference  between  average  inside 

and  outside , 

Average  outside  for  coldest  24  con- 
secutive hours  during  test   

Average  inside  for  same  period.  . . . 
Steam  used 

Total  consumption,  pounds 

Av.  consumption  per  hr.  pounds  . . 
Average    consumption  per  24  hrs 

pounds  

Av.  consumption  per  24  hrs.  per  . . 

1000  cu.  ft.  of  contents,  pounds 

Cost  of  heating 

Estimated  first  cost  of  steam  pipe 
installed  inc.  trap  and  reducing 
valve,  also  21i  inch  gates  for 
each  floor  of  each  section.  (30 
cents  per  sq.  ft.  of  heating  sur- 
face)     

Same  per  1000  cu.  ft 

Cost  of  steam  to  heat  st.  h.  per  24 
hrs.  (assume  8  pounds  of  water 
evaporated  per  pound  of  coal, 
from  and  at  212  F.,  price  of  coal 
S4. 25 per  2000  pounds)    

Cost  of  steam  per  24  hours  per  1000 
cu.  ft.  of  St.  h 

No.  cu.  ft.  of  St.  h.  heated  per  lb. 
of  coal  per  24  hrs 


1903       I       1904 
Feb.  17,a.m  Jan.25,  p.m 

to  '         to 

Feb.  21,  m.  Jan.30,p.m. 


Average  cost  of  steam  per  24  hours 
per  1000  cu.  ft.  of  store  house  for  the 
above  three  brick  buildings  is  $0.00386. 


12 
32 

41 
61 
32 

29 

8 
40 

56,929 
612 

14,688 

8.06 


$900 


$0,555 

$3.90 

$0.0024 

884 


14 

24 

-14 

47 
59 
37 

33 

3 
46 

49,282 
380 

9,120 

14.2 


$210 


10.325 

$2.42 
$0.0037 
566 


1904 
Feb.  2,  a.m. 
to 
Feb.  5,  m. 


7 

18 

-4 

48 
64 
43 

41 

6i 

47 

70,096 
815 

19,560 

14.8 


$1120 


1904 
Jan.  25,  p.m. 

to 
Jan.  30,  p.m. 


14 
24 
-6 


$1.19 

$5.20 
$0.0055 
385 


49 
56 
41 

35 

6 

49 

20,007' 
156 

3,744 

25.1 


$95 
$0,634 

$0.99 
$0.0066 
319 


40  In  order  to  determine  the  number  of  days  of  winter  at  Lowell 
and  Lewiston  during  which  the  temperature  is  appreciably  below 
freezing,  the  U.  S.  Government  Weather  Bureau  reports  for  these 
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cities  were  obtained  for  three  consecutive  years,  and  the  maximum 
and  minimum  readings  for  each  day  of  the  winter  months  have  been 
plotted  and  the  readings  for  three  seasons  have  been  averaged. 
Similar  charts  have  also  been  made  from  the  Weather  Bureau  reports 
at  the  nearest  Government  station  to  the  unheated  store  houses  tested 
in  the  winter  of  1901-1902,  and  also  for  a  number  of  cities  in  the 
South,  thus  giving  a  general  idea  of  the  winter  temperatures  over  a 
wide  section  of  the  country.  The  daily  readings  are  plotted  on  Fig. 
15  and  16,  and  the  average  temperatures  for  the  three  years  for  the 
winter  months  at  these  different  localities  are  given  in  Table  3  follow- 
ing: 

TABLE  3  AVERAGE  TEMPERATURE  OUT  OF  DOORS  FOR  THREE  YEARS 

Novemher,  1901,  to  March,  1904 
Taken  from  U.  S.  Government  Records 


Location                   November  December  January  February  March  Average  for 

15-30  1-16  Dec.  Jan.  and  Feb. 

Max. 

Max.  Min.  Max.  Min.  Max.  Min.  Max.  Min.  Max.  Mm.  Max.  Min.  <fe  Min 

Gardiner,  Me 39       22  32  11  27  4  31  8  42       22  30         8       19.0 

Lewiston,  Me 37       23  32  13  26  5  30  9  42       22  29         9       19.0 

Nashua,  N.H 40       23  34  14  29  11  32  12  43       24  32       12       22.0 

Avon.N.Y 39       25  33  16  30  13  29  13  43       25  31       14       22.5 

Albany,  N.Y 38       27  33  16  29  13  31  15  42       26  31       15       23.0 

Lowell,  Mass 42       26  36  17  33  13  35  16  47       27  35       15       25.0 

Worcester,  Mass 40       27  34  19  30  15  33  17  45       28  32       17       24.5 

New  Bedford,  Mass..  43       29  38  22  34  17  35  19  44       28  36       19       27.5 

Baltimore,  Md 46       35  41  28  37  25  39  25  51       37  39       26       32.5 

Cincinnati,© 45       33  38  23  38  22  38  22  52       37  38       22       30.0 

Richmond.  Va 57       40  47  29  44  28  45  29  58       40  45       29       37.0 

Knoxville.Tenn....   49       33  45  28  45  28  48  30  60       41  46       29       37.5 

Charlotte,  N.  C 53       37  48  32  46  31  49  33  61       43  48       32       40.0 

Columbia.  S.C 58       40  54  36  50  34  54  37  65       47  53       36       44.5 

Atlanta,  Ga 53       38  49  33  48  33  50  35  60       45  49       34       41.5 

Montgomery,  Ala. . .   59       40  65  36  65  37  58  40  68      51  66      38      47.0 


41  On  these  charts  for  Lowell  and  Lewiston,  the  period  during 
which  the  store  houses  were  under  test  is  shown  by  double  cross  hatch- 
ing. From  these  charts  it  is  estimated  that  in  Lowell  an  average 
winter,  including  only  that  time  during  which  the  temperature  is 
appreciably  below  32  deg.  f  ahr.,  would  be  represented  by  40  days  simi- 
lar to  those  during  which  the  test  was  made  at  the  Hamilton  store  house, 
and  at  Lewiston  by  55  days  similar  to  those  during  which  the  test  was 
made  at  the  Bates  Manufacturing  Company,  and  by  60  days  similar 
to  those  during  which  the  tests  were  made  at  the  Lewiston  Bleachery 
and  Androscoggin  Mills.     Therefore,  multiplying  the  cost  per  24  hours 
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obtained  from  the  tests  by  the  above  constants,  would  give  the  cost 
for  heating  these  four  store  houses  per  winter,  as  follows: 

Hamilton  Mfg.  Co.,  No.  3  store  house,  Lowell,  Mass ' $156 .  00 

Lewiston  Bleachery  &  Dj^e  Works,  store  house  No.  22,  Lewiston,  Me.  . .  145 .  20 

Bates  Mfg.  Co.,  store  house  A,  Lewiston,  Me    286.00 

Androscoggin  Mills,  No.  6  store  house,  Lewiston,  Me 59 .  40 

42  From  the  above  it  will  be  noted  that  the  estimated  costs  for  the 
Bates  store  house  is  considerably  more  than  that  for  the  Hamilton 
store  house,  although  the  latter  building  is  appreciably  larger.  This 
is  probably  due  to  the  more  severe  winter  conditions  in  Lewiston  and 
the  fact  that  the  inside  temperature  was  kept  at  a  higher  point. 

S.    H.    HOWE   STORE   HOUSE 

43  The  S.  H.  Howe  Shoe  Co.,  Marlboro,  Mass.,  have  a  brick  store 
house,  100  by  60  feet,  two  stories  high  with  boiler  house  adjoining. 
This  was  equipped  with  a  steam  heating  system  and  a  record  kept  of 
the  amount  of  coal  used  for  the  winter  1901-1902.  The  inside  tem- 
perature, registered  by  a  recording  thermometer,  seldom  got  below  60 
deg.  fahr.  and  during  the  night  ran  as  high  as  90  degrees.  During 
the  winter  89  tons  of  coal  were  burned  in  heating,  giving,  at  $4.25  per 
ton,  the  cost  of  steam  for  the  winter  as  $378. 

44  As  the  inside  temperature  was  kept  much  higher  than  neces- 
sary to  prevent  freezing,  this  figure  is  not  comparable  with  those 
given  in  the  tests  for  the  four  store  houses  above.  It  is,  however,  of 
special  interest,  as  giving  some  idea  of  the  increased  cost  where  a 
building  is  kept  at  these  high  temperatures.  The  Hamilton  store 
house,  for  example,  was  about  eleven  times  the  cubical  contents  of 
the  Howe  building,  so  that  the  cost  of  heating  the  Shoe  Company's 
store  house  per  1000  cubic  feet  of  contents  was  26  times  that  for  the 
Hamilton,  assuming  as  above  $156  for  cost  of  heating  the  Hamilton 
per  year. 

PEPPERELL   STORE   HOUSE 

45  The  Pepperell  Manufacturing  Company,  Biddeford,  Maine, 
have  a  one  story  and  basement  brick  store  house,  about  150  feet  in 
length  and  60  feet  in  width  at  one  end  by  20  feet  at  the  other.  During 
the  winter  of  1904-1905  they  kept  a  careful  record  of  the  amount  of 
steam  used  in  heating  by  weighing  the  return  water,  and  estimated 
that  13  tons  of  coal  were  required  for  the  season  to  keep  the  tempera- 
ture in  the  store  house  betM^een  about  40  to  45  deg.  fahr.  This 
would  make  the  cost,  at  $4.25  per  ton,  $55.     This  building  has  a 
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cubical  content  of  97,000  cubic  feet,  so  that  store  house  A  of  the 
Bates  Mfg.  Co.  was  about  9^  times  as  large.  On  a  basis  of  $286  per 
year  to  heat  the  Bates  store  house,  the  cost  to  heat  the  Pepperell 
store  house  per  1000  cubic  feet  is  nearly  twice  as  much.  This  may  be 
explained  in  part  by  the  fact  that  the  Pepperell  store  house  was  much 
smaller  and  the  ratio  of  roof  and  wall  area  to  cubical  contents  consid- 
erably greater  than  at  the  Bates. 


ESTIMATED    B.    T.    U.,    USING    GERMAN   FORMULAE 

46  Having  obtained  definite  information  regarding  the  amount  of 
heat  necessary  to  keep  these  store  houses  at  the  desired  temperature, 
it  has  been  of  interest  to  apply  the  formulae  mentioned  in  the  first 
part  of  the  paper  and  compare  the  actual  with  the  estimated  cost. 
The  heat  required  for  each  of  the  four  storehouses  under  the  conditions 
of  the  tests  (see  Tables  1  and  2)  has  therefore  been  estimated  using 
formula  H  =k  (t^  -  Q  S  and  constants  as  clearly  described  by 
Professor  J.  H.  Kinealy,  Washington  University,  St.  Louis,  in  a  use- 
ful little  book  entitled  "  Formulae  and  Tables  for  Heating, "  in  which 
are  briefly  given  the  results  of  careful  experiments  and  the  stud}''  of 
the  subject  by  well  known  German  investigators. 

H  =k{t,-  to)  *S 

H  =British  thermal  units  per  hour,  k  =constant,  value  being 
as  given  in  "  Formulae  and  Tables  for  Heating. "  /^  =  average  inside 
temperature,  t^  =  average  outside  temperature.  S  =area  of  cooHng 
surface  in  square  feet. 

47  Applying  this  formula  to  the  store  houses  in  question  gives 
results  shown  in  Table  3  following,  where  are  also  given  for  purposes 
of  comparison  the  figures  obtained  from  the  tests. 

TABLE  4 


Store  House 

B.t.u.  per  hr. 

Per  cent 

by  formula 

by  test 

difference 

Hamilton  Mfg.  Co.,  st.  h.  No.  3 

Lewiston  Bleachery,  st.  h.  No.  22    

Bates  Mfg.  Co.  st.  h.  "A"   

620,000 
373,000 
682,000 
151,000 

626,000 
369,000 
800,000 
148.000 

0.97 
-1.6 
17.3 

Androscoggin  Mills,  st.  h.  No.  6 

-2.0 

48  In  the  case  of  the  Hamilton  and  Bates  store  houses  the  figures 
given  by  the  formula  were  increased  10  per  cent  on  account  of 
exposure,  and  for  the  Bates  store  house  a  further  increase  of  5  per  cent 


COST   OF   HEATING    STORE   HOUSES  191 

was  made  because  of  the  unusually  high  wind  which  prevailed  during 
a  considerable  part  of  the  test. 

49  Table  4  is  of  special  interest  as  showing  how  accurately  the 
requu-ed  heat  may  be  calculated,  and  the  author  finds  peculiar  satis- 
faction in  this  close  check  between  the  estimated  and  actual  results, 
believing  that  the  work  here  described  will  still  further  increase  the 
confidence  of  engineers  in  the  results  obtained  from  using  the  formula 
and  constants  mentioned. 

50  In  the  case  of  the  Bates  store  house  it  may  be  that  the  outside 
shipping  doors  were  open  more  of  the  time  than  was  noticed,  so  that  a 
special  allowance  for  this  should  have  been  made  when  applying  the 
formula.  If  so,  this  would  account  for  at  least  a  part  of  the  difference 
between  the  estimated  and  actual  results. 

COST   OF   DRY-PIPE    SPRINKLER   SYSTEMS 

51  If  instead  of  heating  the  four  store  houses  where  special  tests 
were  made  automatic  dry-pipe  valves  had  been  provided  in  addition 
to  the  sprinkler  equipment,  which  would  have  been  necessary  if  the 
store  houses  had  not  been  warmed,  the  first  cost  of  such  dry-pipe  valves, 
valve  houses  and  attachments  would  have  beenabout  asfollows,  and  for 
easy  comparison  the  first  cost  of  all  the  heating  pipes  is  also  given: 

FIRST  COST 

Dry-pipe  Steam  heat- 
equipment  ing  equip- 
ment 

Hamilton  Mfg.  Co.,  store  house  No.  3 $2580  $900 

Lewiston  Bleachery  and  Dye  Works,  store  house 

No.22 680  210 

Bates  Mfg.  Co.,  store  house  A 1360  1120 

Androscoggin  Mills,  store  house  No.  6 310  95 

52  With  a  good  dry-pipe  equipment,  the  annual  cost  for  care  and 
repairs  to  the  dry-pipe  valve  and  attachments  would  be  small  and 
would  ordinarily  add  little  to  the  yearly  pay  roll.  With  steam  heat 
considerable  care  will  be  necessary  to  prevent  freezing  on  the  one 
hand  and  overheating  on  the  other,  and  if  not  given,  the  waste  in 
steam,  due  to  overheating,  will  quickly  exceed  the  cost  of  mainten- 
ance of  a  "  dry  "  system.  It  is  difficult  to  make  exact  figures,  but  it  is 
believed  in  general  that  the  cost  of  maintaining  a  "  dry"  system  would 
be  less  than  the  cost  of  properly  taking  care  of  a  store  house  heating 
system,  and  that  the  totals  are  not  large  in  comparison  with  other 
factors,  so  that  this  point  need  not  be  seriously  considered. 
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CONCLUSIONS   ON   HEATING   VERSUS    A    DRY-PIPE    EQUIPMENT 

53  The  data  show  that  the  first  cost  of  steam  heating  pipes  would 
ordinarily  be  less  than  the  first  cost  of  a  dry-pipe  valve  equipment; 
also  that  it  will  cost  more  yearly  to  heat  a  store  house  than  to  take 
care  of  its  sprinkler  system  with  a  dry-pipe  valve,  but  that  this  cost, 
even  in  our  colder  sections,  is  a  small  matter  compared  with  many 
other  expenses  for  maintenance  and  operation.  In  warmer  sections 
the  yearly  cost  of  steam  would  be  small  and  would  become  an  unim- 
portant item.  In  brief,  while  heating  costs  a  little  more,  the  extra 
expense  generally  would  be  negligible. 

54  Tightness  of  walls  and  windows,  meaning  ability  to  keep  out 
cold  winds,  has  a  large  effect  on  inside  temperatures  and  the  cost  of 
heating.  In  the  Southern  States  no  heating  would  be  necessary  ordi- 
naril}^  in  well  built  store  houses  of  brick  and  probably  of  wood  if  some 
special  care  were  taken  to  make  the  walls  non-conducting  and  tight, 
and  it  is  probable  that  a  moderate  amount  of  mason  and  carpenter 
work  in  stopping  cracks  and  making  doors  and  windows  fit  more  tightly 
would  make  heating  unnecessary  in  many  store  houses  in  these 
warmer  sections. 

CALCIUM   CHLORID 

55  Some  attention  has  been  given  to  the  possibility  of  filling 
sprinkler  pipes  in  cold  buildings  with  a  non-freezing  liquid,  and  cal- 
cium chlorid  has  been  suggested  for  this  purpose  on  account  of  its 
several  good  properties  and  its  low  cost.  The  following  somewhat 
general  statements  may  be  made  in  regard  to  it. 

56  Calcium  chlorid  (CaCla)  comes  in  solid  or  liquid  form,  and 
when  properly  made  is  absolutely  neutral;  that  is,  neither  acid  nor 
alkaline.  The  freezing  point  of  the  liquid  varies  with  the  strength  of 
the  solution  and  can  readily  be  made  so  that  it  will  not  freeze  at 
temperatures  30  degrees  below  0  degrees  fahr.  The  coefficient  of 
expansion  is  greater  than  water  for  ordinary  temperatures.  A 
solution  freezing  at  0  degrees  would  be  1.175  times  heavier  than 
equal  volume  of  w^ater. 

57  A  chlorid  solution  has  great  affinity  for  water,  so  that  an  open 
pail  of  it  will  increase  a  little  in  volume  in  damp  weather  and  decrease 
when  the  weather  is  dry,  remaining,  therefore,  at  about  the  same  level 
all  the  time,  thus  making  it  very  useful  for  fire  pails. 

58  On  account  of  this  property,  however,  articles  wet  with  it  will 
not  readily  dry,  but  if  washed  with  water  the  chlorid  will  quickly 
disappear.  Cotton,  wool,  and  textiles,  if  wet  with  it,  would  probably 
have  to  be  washed  to  remove  the  chlorid  before  they  would  dry,  and 
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the  exact  effect  of  this  in  affecting  salvage  is  a  matter  needing 
further  study. 

59  In  a  few  cases  calcium  chlorid  has  already  been  used  in  the 
sprinkler  systems,  approximately  as  follows.  In  the  main  pipe  supply- 
ing the  sprinklers  is  provided  a  check  valve  located  beyond  dan- 
ger from  freezing,  with  a  gate  valve  above  it  for  draining  the  system. 
The  gate  in  the  main  pipe  is  closed  and  the  sprinkler  system  drained. 
The  system  is  then  pumped  full  of  the  chlorid  solution,  and,  in  order 
to  surely  keep  the  check  valve  closed  and  prevent  loss  of  the  solution, 
the  pressure  in  the  sprinkler  system  is  raised  a  few  pounds  above  the 
normal  pressure  in  the  outside  supply  pipe.  The  main  gate  is  then 
opened.  It  may  be  necessary  to  provide  small  air-pressure  tanks  for 
expansion,  and  occasionally  to  pump  in  additional  chlorid  to  make  up 
for  waste. 

60  The  point  has  been  raised  that  when  used  in  this  way,  if  the 
check  valve  separating  the  chlorid  from  the  public  water  should  leak, 
the  chlorid  solution  would  get  into  the  pubUc  supply.  It  is  believed, 
however,  that  any  ordinary  leakage  would  be  small  and  would  quickly 
become  so  diluted  that  unless  a  drinking  water  tap  were  very  near 
the  check  valve,  the  condition  would  not  be  noticed.  Calcium  chlorid 
is,  moreover,  a  somewhat  common  impurity  and  not  deleterious  except 
in  considerable  quantities.  It  is  therefore  believed  that  there  would 
not  be  great  difficulty  in  providing  check  valves  for  such  work  through 
which  there  would  be  little,  if  any,  leakage.  As  a  special  precaution, 
a  check  valve  with  two  seats  and  the  intermediate  space  open  to  the 
air  could  be  used,  but  with  such  a  valve  care  would  be  necessary  that 
the  differential  action  shall  not  be  sufficient  with  low-  pressure  water  sup- 
plies to  allow  the  column  effect  of  the  chlorid  solution  in  the  pipes  to 
overbalance  the  water  at  ordinary  pressure,  thus  preventing  the  open- 
ing of  the  valve  in  case  of  need. 

61  Chlorid  solutions  in  such  quantities  as  would  be  used  in  store 
houses  can  probably  be  obtained  at  an  average  cost  of  about  2  cents 
per  gallon,  and  on  this  basis  the  cost  for  filhng  the  sprinkler  equipment 
in  the  four  store  houses  where  the  heating  tests  were  made  would  be  as 
follows : 

Hamilton.  .  .  .abt.  2220  sprinklers  requiring  abt.  2500  gals.  CaCl^  costing  abt.  $50 
Lewiston  ....  abt.    600  sprinklers  requiring  abt.    680  gals.  CaCl^  costing  abt.     14 

Bates, abt.  1600  sprinklers  requiring  abt.  1800  gals.  CaCI^  costing  abt.    36 

Androscoggin. abt.    130  sprinklers  requiring  abt.    150  gals.  CaCl^  costing  abt.      3 

62  Calcium  chlorid  is  shipped  in  liquid  form  in  tank  cars  holding 
about  4500  gallons,  the  strength  being  such  that  an  equal  volume  of 
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water  can  be  added  and  still  get  a  solution  freezing  at  something  below 
0  degree  fahr.  It  is  also  shipped  in  solid  form  in  iron  drums  weighing 
something  over  600  pounds.  One  drum  will  make  about  250  gallons 
of  0  degrees  solution.  The  freezing  point  of  a  solution  can  easily  be 
determined  from  its  specific  gravity. 

63  The  following  table  gives  the  quantity  of  "Solvay"  fused  or 
solid  calcium  chlorid  required  to  make  solutions  of  given  specific 
gravities  and  corresponding  freezing  points,  viz: 


Specific 

Per  cu.  ft. 

Per  gal. 

Freezing 

gravity 

solution 

solution 

point 

1.250 

28.06  pounds 

3 .  76  pounds 

-32.6deg.fahr. 

1.225 

25.06 

3.36 

-19.5 

1.200 

22.05 

2.95 

-  8.7 

1.175 

19.15 

2.56 

zero 

1.150 

16.26 

2.18 

+  7.5 

1.125 

13.47 

1.80 

+  13.3 

1.100 

10.70 

1.43 

+  18.5 

64  If  used  in  a  sprinkler  equipment,  it  would  be  necessary  to  have 
enough  chlorid  on  hand,  in  either  liquid  or  solid  form,  for  one,  or 
better  for  two  or  three  re-fillings,  so  that  after  a  fire  or  a  sprinkler 
break  the  system  could  be  quickly  put  again  into  commission.  The 
solid  form  can  be  stored  indefinitely  in  drums,  if  kept  hermetically 
sealed.  It  would  be  necessary  to  have  a  tank  with  each  sprinkler 
system,  so  that  the  solution  could  be  saved  whenever  it  is  desirable 
to  drain  the  system  for  changes  or  repairs. 

CONCLUSION 

65  Compared  with  dry-pipe  valves,  calcium  chlorid  would  give 
all  the  advantages  which  come  from  a  "wet"  sprinkler  equipment; 
less  apparatus  would  be  required;  no  sub-division  of  the  equipment 
into  300  or  400  head  groups  would  be  needed,  as  is  required  with  dry- 
pipe  work;  and  the  first  cost  would  ordinarily  be  less.  Again,  the 
danger  of  accidental  freezing  due  to  imperfect  draining  or  to  some 
difficulty  with  steam  pipes  would  be  eliminated.  A  system  filled  with 
chlorid  would  probably  require  about  the  same  amount  of  weekly  care 
as  a  dry-pipe  system. 

66  The  objections  to  calcium  chlorid  would  be  its  cost,  if  there 
were  frequent  fires  or  breaks  in  the  sprinkler  system;  probably 
greater  water  damage  on  some  classes  of  materials,  especially  machin- 
ery; and  the  difficulty  of  making  sure  that  protected  properties  would 
always  have  a  sufficient  extra  supply  of  chlorid  on  hand  so  that  after 
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a  fire  or  a  sprinkler  break  there  would  not  be  much  delay  in  getting  the 
system  again  in  service. 

67  Finally,  with  the  evidence  at  hand,  it  seems  probable  that 
calcium  chlorid  can  be  used  in  some  places  to  advantage,  and  there 
is  at  least  a  possibility  that  further  investigation  and  experience  may 
show  it  desirable  in  an  even  larger  field. 


DISCUSSION 

Mr.  Edward  N.  Trump  Mr.  Lacount's  very  valuable  paper  on 
"The  Cost  of  Heating  Storehouses"  and  the  protection  of  sprinklers 
from  freezing  will  be  a  great  help  to  manufacturers  whose  plants  and 
storehouses  are  equipped  with  sprinlders. 

2  Even  where  buildings  are  heated,  severe  winter  weather  may 
reduce  the  temperature  below  the  freezing  point  in  exposed  por- 
tions, especially  when  they  are  unoccupied  at  night,  during  severe 
storms,  and  an  exposed  section  of  piping,  or  a  few  sprinkler  heads 
will  freeze.  Several  hours  afterward,  when  a  change  in  temperature 
occurs,  the  sprinklers  open  and  water  damage  results. 

3  Even  in  sprinkler  systems  equipped  with  air  valves  the  con- 
densation of  a  little  moisture  from  the  air  in  the  pipes  may  deposit 
enough  water  in  the  sprinkler,  so  that  when  it  freezes  and  thaws  it 
will  be  broken,  or  the  valve  forced  from  its  seat. 

4  The ''dry  systems"  with  air  valves  require  a  good  deal  of  atten- 
tion to  keep  up  the  air  pressure.  It  is  very  difficult  to  keep  the  sys- 
tem tight  because  a  small  leak  is  not  visible,  and  almost  impossible 
to  find. 

5  After  the  use  of  three  or  four  of  these  dry  systems  for  several 
years,  with  constant  trouble  from  freezing  of  the  sprinklers,  the 
writer  began,  about  three  years  ago,  the  use  of  chlorid  of  calcium  solu- 
tion, and  replaced  the  dry  valves  in  one  or  two  large  sprinkler  sections 
with  this  solution. 

6  An  ordinary  check  valve  was  put  between  the  indicator  valve 
on  the  outside  of  the  building  and  the  sprinkler  system,  locating  it 
close  to  the  wall  or  in  a  pit  just  outside,  so  that  all  of  the  piping 
exposed  in  the  building  would  be  beyond  the  check  valve. 

7  An  expansion  tank  was  provided  on  the  top  of  the  system  to 
take  care  of  the  changes  in  temperature,  and  was  placed  at  the  highest 
point  to  act  as  an  air  chamber.  After  one  season's  experience  with 
this  plant,  the  results  were  so  satisfactory  that  all  of  the  sprinklers 
in  a  large  number  of  buildings  and  storehouses  were  filled  with  the 
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same  solution.     These   buildings   contained   4500   sprinkler   heads, 
divided  into  10  sections. 

8  An  experience  of  two  winter  seasons  with  these  sprinklers 
has  proved  satisfactory  in  that  no  pipes  or  sprinklers  have  frozen, 
and  there  are  no  cases  on  record  where  sprinlders  have  given  way  on 
account  of  low  temperature.  While  a  few  sprinklers  have  let  go  in 
different  places,  there  have  been  just  as  many  of  these  accidents  in 
warm  weather  as  in  cold.  We  have,  in  most  cases,  made  no  change 
in  the  sprinkler  system  except  the  introduction  of  check  valves. 

9  We  have  not  found  it  necessary  to  add  any  expansion  tanks, 
and  we  use  a  portable  tank  for  filling  or  emptying  the  systems. 
The  fire  patrol  inspects  each  system  (which  has  a  pressure  gage  near 
its  base  and  connections  for  pumping  in  or  letting  out  the  calcium 
solution)  once  each  week. 

10  In  case  any  repairs  are  needed  to  the  pipes,  the  solution  is 
drawn  off  into  the  portable  tank  down  to  a  level  where  these  repairs 
are  necessary,  or  in  case  the  check  valve  needs  examination,  the  sys- 
tem is  drawn  off  completely  empty.  After  repairs  are  completed, 
the  solution  is  pumped  in  again  up  to  a  pressure  above  the  working 
pressure  of  the  fire  mains. 

11  If  there  are  violent  fluctuations  in  these  pressures,  and  the 
check  valve  is  not  entirely  tight,  a  very  small  quantity  of  calcium  may 
leak  back  into  the  mains,  or  a  small  amount  of  water  may  enter 
the  sprinkler  system.  As,  however,  this  quantity  can  only  be  that 
required  to  change  the  pressure  in  a  S3'stem,  which  is  nearly  full  of 
liquid,  it  is  very  small,  and  does  not  sufficiently  dilute  the  liquor  to 
give  trouble  by  freezing. 

12  When  the  pressure  gets  balanced  very  nearly  right,  almost  no 
attention  is  required.  In  summer  time,  the  solution  may  be  drawn 
off  into  a  tank,  and  the  sprinklers  allowed  to  fill  with  water,  or  a 
little  may  be  drawn  off,  sufficient  to  compensate  for  the  higher 
temperature  in  summer,  and  pumped  in  again  during  lower  tempera- 
ture. 

13  A  small  safety  valve  could  be  provided,  which  could  take  care 
of  very  high  pressures,  but  we  have  found  even  this  precaution 
unnecessary.  The  sj^stem  of  pipes  and  sprinklers  must  l)e  made  very 
tight  to  insure  that  there  shall  be  no  leakage  of  the  calcium  solution, 
but  leaks  are  immediately  indicated,  and  they  are  easily  located. 

14  A  large  office  recently  equipped  in  the  basement  and  attic 
has  passed  through  the  winter  entirely  satisfactorily,  and  no  trouble 
has  occurred,  although  the  sprinklers  in  the  attics  are  exposed  to 
freezing  temperatures  for  a  large  part  of  the  time. 


COST    OF    HEATING    STORE    HOUSES 


197 


15  Calcium  chlorid  is  a  very  neutral  substance.  It  has  an 
extraordinary  affinity  for  water,  and  will  absorb  water  until  the  solu- 
tion is  diluted  to  nearly  20  per  cent  calcium  chlorid.  A  fire  pail 
filled  with  20  per  cent  solution  will  have  the  same  quantity  after 
twelve  months.  When  it  is  made  of  a  proper  quality,  with  absolutely 
neutral  reaction,  neither  acid  nor  alkaline,  it  has  no  apparent  effect 
upon  any  of  the  metals,  or  upon  anything  else,  except  that  leather 
is  hardened  somewhat  if  exposed  to  a  dry  powder. 

16  The  liquid  testing  20  deg.  Be.  containing  about  20  per  cent 
calcium  chlorid  which  is  used  in  sprinklers  does  not  seem  to  affect 
even  leather,  because  it  can  absorb  no  more  water  from  lithium. 
We  have  found  a  solution  of  20  deg.  Be.  the  best  strength  to  employ. 
It  has  the  lowest  freezing  point,  and  will  stand  considerable  dilution 
before  it  will  freeze  at  the  temperatures  which  are  likely  to  be 
obtained  in  store  houses. 

17  In  the  cases  where  sprinklers  have  opened  and  the  calcium 
chlorid  has  been  deposited  on  goods  or  machinery,  the  weter  which 
follows  washes  the  calcium  chlorid  away  very  quickly,  and  so  far 
we  have  not  found  the  damage  to  be  any  greater  than  would  be 
caused  by  water  alone. 

18  An  experiment  recently  made  upon  a  system  having  700 
sprinklers  in  one  section,  showed  that  it  onlv  required  taking  out 
of  the  system  about  one  quart  of  the  solution  to  reduce  the  pres- 
sure from  180  down  to  130  lb.  and  pumping  in  an  equivalent  amount 
increased  the  pressure  in  proportion. 

19  It  is  evident,  therefore,  that  a  small  safety  valve  would  take 
care  of  all  of  the  expansion  to  be  expected  in  warm  weather  without 
depleting  the  system  sufficiently  to  make  the  change  in  solution  of 
any  consequence.  The  calcium  chlorid  solution  is  as  good  as  satu- 
rated brine  to  put  out  a  fire,  as  it  protects  the  surfaces  and  prevents 
rapid  ignition. 

20  We  believe,  therefore,  that  three  years  experience  proves 
this  method  of  preventing  sprinklers  from  freezing  better  than  any 
other  we  have  seen,  and  we  are  adopting  it,  not  only  for  the  exposed 
storehouses,  but  for  all  of  our  building,  in  order  to  provide  against 
accidental  reductions  of  temperatures. 

21  The  solution  may  be  very  quickly  made  up  from  solid  calcium 
in  drums,  which  can  be  stored  in  a  40  per  cent  solution  in  glycerine 
drums,  or  a  tank  provided  to  hold  the  necessary  quantity  for  a 
sprinkler  system,  and  this  would  be  useful  to  save  the  calcium  when 
it  is  drawn  off  from  the  system  for  repairs. 

22  No  other  change  will  be  provided  except  the  check  valve. 
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and  a  connection  for  pumping  in  the  solution,  and  a  small  pressure 
gage  with  h  inch  safety  valve  to  relieve  the  pressure  in  case  it  gets 
too  high. 

Mr.  J.  H.  KiNEALY  Mr.  Lacount  has  drawn""some  conclusions 
from  the  results  he  has  obtained,  but  he  has  omitted  what  to  me  is 
the  most  important  conclusion  to  be  drawn  from  the  heating  of 
these  buildings.  Under  his  first  conclusion  on  the  Bates  store  house, 
division  3  of  Par.  38  he  says:  "It  is  also  of  special  interest  to  note 
that  under  these  conditions,  the  steam  consumption  per  24  hours 
was  about  35  per  cent  greater  with  60  pounds  steam  pressure,  during 
the  day  than  with  10  lb.  continuously."  The  conditions  are  using 
steam  at  60  lb.  during  the  day  only  and  allowing  the  building  to  cool 
at  night,  and  using  steam  at  10  lb.  continuously  day  and  night. 
The  conclusion  means  that  the  saving  is  due  to  the  use  of  the  steam 
at  the  lower  pressure. 

2*  The  results  shown  in  Table  1  and  Table  2  for  the  brick  buildings 
condensed  to  the  following  give  important  information. 

TABLE  1  AND  TABLE  2 


Hamilton  Mfg.  Co.  LewistonBl.ife  Dye  Bates  Mfg.  Co.  St. 
St.  H.  No.  3.       Wks.  St.  H.  No.  22  H.  "A" 


Pressure  in  steam  heating  system  at 

reducing  valve,  from  Table  1 

Cost  of  steam  per  24  hours  per  1000 
cubic  ft.  of  store  house  from  Table  2. . . 


1  to2 
$0.0024 


12  to  15 
80.0037 


60  to  10 
$0.0055 


3  These  buildings  are  all  of  brick,  and  the  results  show  that  in 
the  first,  steam  was  used  at  a  pressure  of  1  to  2  lb.,  and  it  costs  2.4 
mills  to  heat  1000  cu.  ft.  of  space  for  24  hours;  in  the  second,  steam 
was  used  at  a  pressure  of  12  to  15  lb.  and  the  cost  per  1000  cu.  ft.  of 
space  for  24  hours  was  3.7  mills,  and  in  the  third  steam  was  used  at  a 
pressure  of  60  and  10  lb.  and  the  cost  per  1000  cu.  ft.  of  space  was  5.5 
mills  for  24  hours. 

4  If  Mr.  Lacount  had  conducted  some  of  his  experiments  with 
steam  at  a  pressure  below  that  of  the  atmosphere  he  would  have  found 
that  the  cost  of  heating  would  have  been  as  low  or  lower  than  a  pressure 
of  1  to  2  lb.  He  has  verified  what  those  of  us  who  have  had  to  do 
with  heating  work  have  known  for  some  time,  namely,  the  lower  the 
temperature  of  the  heating  medium  the  greater  the  economy. 

5  It  is  gratifying  to  me  to  know  that  the  results  of  the  calculations 
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made  using  the  constants  given  in  my  book  check  so  well  with  the 
results  of  Mr,  Lacount's  experiments,  and  I  hope  that  Mr.  Lacount 
will  at  some  future  time  carry  these  experiments  further  and  give 
us  the  results  of  his  work. 

Mr.  W.  F.  Hendry  I  have  read  with  considerable  interest  Mr. 
LacOunt's  paper  on  the  comparative  initial  and  operating  cost  of  a 
dry  pipe  sprinkler  equipment,  and  a  wet  pipe  equipment  with  steam 
heat  to  prevent  freezing. 

2  Though  the  conclusions  drawn  do  not  specifically  state,  the 
general  impression  received  by  the  reader,  is  that  the  author  favors 
the  latter  arrangement;  and  where  the  warehouse  to  be  protected 
is  adjacent  to  the  main  mill  buildings,  several  practical  considerations 
arise  tending  to  substantiate  such  a  conclusion. 

3  Few  realize  how  little  heat  when  properly  applied  is  necessary 
to  prevent  the  freezing  of  water  in  well  constructed  brick  buildings  in 
this  latitude.  I  have  found  it  necessary  on  two  occassions  to  provide 
sufficient  heat  for  this  purpose,  in  the  accomplishment  of  which  the 
inconsiderable  amount  required  was  particularly  noticeable,  and  it 
is  gratifying  to  note  similar  results  from  the  work  of  other  investigators. 
That  the  cost  of  such  heating,  as  stated  in  the  paper,  is  ample  to 
produce  the  results,  is  confirmed  by  the  writer's  experience  in  the  two 
cases  mentioned. 

4  The  entire  problem  is  however  based  on  the  use  of  live  steam: 
a  method  which,  while  doubtless  necessary  in  many  plants,  can  hardly 
be  considered  as  representing  the  average  conditions  throughout  the 
manufacturing  industry. 

5  Factories  situated  where  water  power  is  available  are  not 
comparatively  numerous.  The  prevailing  factory  power  equipment 
is  a  non-condensing  steam  plant,  in  which  case  exhaust  steam  may 
be  used  during  the  day,  thus  materially  reducing  the  cost  of  heating 
the  warehouse.  Although  quite  true  that  frequently  not  all  the 
exhaust,  but  considerable  live  steam  is  required  to  adequately  heat 
the  occupied  buildings,  yet  close  investigation  usually  shows  that 
this  condition  exists  only  in  the  most  severe  weather.  It  is  therefore 
a  point  to  be  considered  when  comparing  the  two  methods  of  equip- 
ing  a  warehouse  with  sprinkler  protection. 

6  That  the  dry  pipe  valve  is  an  added  complication  is  denied  by 
few,  and  bearing  in  mind  the  duties  of  the  average  factory  power 
plant  attendant,  one  has  little  doubt  that  he  will  be  more  familiar 
with  a  heating  equipment  than  with  a  dry  pipe  valve.  A  dry  pipe 
system  requires  an  air  compressor,  the  cost  of  which  presumably  is 
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included  in  the  author's  estimate  of  initial  expense.  If  located  in 
the  main  l)uildings,  a  line  of  pipe  must  be  run  to  the  store  house;  or 
if  located  in  the  warehouse  power  must  be  transmitted  to  the  com- 
pressor. In  either  case  contingencies  may  as  readily  arise  effecting 
this  connection,  such  as  a  heating  pipe,  the  disabling  of  which  for  an 
hour  or  so  would  not  be  attended  with  serious  consequences.  A 
pipe  conve3'ing  compressed  air  is  more  liable  to  stoppage  during  cold 
weather  than  is  a  steam  pipe. 

7  It  is  indeed  possible  that  "  the  cost  of  operation  and  maintenance 
of  a  good  dry  pipe  equipment"  may  "  add  little  to  the  yearly  pay  roll," 
but  close  association  with  a  small  system  of  some  300  heads,  where  it 
is  not  unusual  to  see  three  or  four  men  looking  for  an  air  leak  by  the 
candle  method,  leads  to  the  opinion  that  in  ordinary  practice  it  is  not 
so  inexpensive  as  might  from  this  statement  be  inferred.  A  net- 
work of  piping  may  be,  apparently,  perfectly  tight  when  filled  with 
water,  and  yet  when  drained  and  filled  with  air  under  50  lb.  pressure, 
a  leak  may  be  evidenced  by  a  gradual  loss  of  pressure.  A  dry  pipe 
valve  is  usually  arranged  to  operate  if  the  pressure  falls  to  10  lb., 
which  means  that  the  piping  must  be  so  tight  that  the  pressure  will 
not  fall  to  that  point  during  the  night;  yet  a  loss  of  five  or  ten  pounds  an 
hour  is  not  unusual,  and  detecting  so  insignificant  a  leak  is  some- 
times a  matter  of  several  hours,  during  which  time  the  air  compressor 
must  be  run  continuously. 

8  Where  the  system  is  operated  as  a  dry  pipe  equipment  during 
the  entire  year,  trouble  of  this  nature  is  not  so  prevalent,  but  the 
cost  of  operating  the  average  dry  pipe  equipment  can  scarcely  be  con- 
sidered a  negligible  factor  in  the  comparison. 


Prof.  William  D.  Ennis  From  Table  2,  which  gives  the  average 
cost  of  steam  per  24  hours  per  1000  cu.  ft.  of  building  as  SO. 00386,  the 
cost  per  cubic  foot  for  a  heating  season  of  150  days,  with  coal  at 
$4.25  per  ton  net,  is  0.058.  This  was  for  store  house  heating,  in 
which  the  average  temperature  maintained  was  only  46  deg.  It  is 
frequently  desirable  to  have  a  rough  method  of  estimating  the  cost 
of  heating  a  building.  Under  ordinary  conditions,  in  the  vicinity  of 
New  York,  1/10  cent  per  cubic  foot  will  pay  for  the  coal  burned  in  a 
season.  The  heat  consumption  is  easily  computed  from  the  formula 
H  =  k  {t^  —  tj  S,  mentioned  by  Mr.  Lacount,  which  in  this  case  we 
apply,  not  to  the  transmission  through  the  building  walls,  but  to 
that  between  the  steam  and  the  room,  through  the  heating  surface. 
The  difficulty  is  in  fixing  on  a  jiroper  value  for  k.     As  it  happens, 
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the  paper  under  discussion  furnishes  an  experimental  determination 
of  this  factor,  as  is  shown  below: 


Store  house 

h 

'o 

S 

H 

k 

217 
247 
239 
252 

41 
47 
48 
49 

1745 

1500 

4190 

636 

626  000 
369  000 
800  000 
148  000 

2.04 

2.68 

Bates 

1.49 

Androscoggin 

2.31 

2  In  this  tabulation,  the  values  are  taken,  t^  from  Table  2, 
from  Talkie  1 ,  H  from  Talkie  4,  and  t^  from  the  steam  table  for  the 
]M'essures  of  steam  given  in  Table  1.  The  value  of  S  is  obtained  by 
multiplying  the  total  amount  of  radiating  surface  by  the  percentage 
used;  both  of  which  data  are  given  in  Table  1.  The  Bates  store  house 
gives  a  result  Avhich  is  out  of  line  with  the  other  three.  The  only 
apparent  reason  for  this  is  that  the  steam  in  this  test  was  wet.  If 
we  take  as  the  determined  value  of  k  the  average  of  the  remaining 
three  tests,  we  have  k  =  2.34.  The  commonly  used  value  as  given 
by  Briggs  for  a  room  temperature  of  60  deg.  is  1.8.  This  would  seem 
to  be  too  low,  especially  as  these  storehouse  experiments  were  made 
with  a  rather  low  range  of  temperatures. 

3  The  estimated  cost  of  the  heating  systems  is  based  on  30  cents 
per  square  foot  of  surface.  This  figure  is  presumably  for  such  condi- 
tions as  existed  three  or  four  years  ago,  and  for  a  rather  simple  form 
of  heating  system.  Today  the  cost  would  be  nearer  60  cents  than 
30  cents  for  either  direct  radiation,  or  the  equivalent  in  fan  units 
with  overhead  distribution.  Both  vacuum  apparatus  and  underground 
tUstributing  ducts  add  largely  to  this  cost.  Taking  60  cents  as  an 
average  figure,  this  is  equivalent  to  6/ 1 0  of  one  cent  per  cubic  foot  heated 
for  the  average  factory  building:  the  fuel  cost  for  operation  being 
approximately,  as  stated,  1/10  cent  per  year.  The  relation  of  these 
two  figures  is  quite  important,  as  affecting  the  replacement  of  live 
steam  heating  systems  by  exhaust.  Where  an  equipment  invest- 
ment, as  in  this  case,  can  show  at  the  outside  a  gross  saving  of  only 
1/6,  or  17  per  cent  on  the  expenditure,  it  is  pretty  difficult  to  get  the 
money.  For  store  house  work,  taking  the  ratios  of  cubic  contents 
to  radiating  surface  given  in  the  paper,  the  cost  of  a  good  exhaust 
heating  system  woukl  be  at  the  present  about  $0,001  per  cubic  foot 
of  space  heated.  The  cost  of  fuel  for  the  season,  using  live  steam, 
being  $0,000-58,  the  gross  saving  by  substituting  exhaust  for  live 
steam  would  be  ,58  per  cent  instead  of  17  per  cent.  The  heating 
system  would  still  cost  less  than  dry  pipe  equipment,  and  the  ques- 
tion of  operating  cost  would  be  practicall}'  eliminated. 
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The  Authok  Mr.  W.  F.  Hendry  is  correct  in  his  conclusion  that 
I  would  certainly  favor  the  heating  of  a  store  house  in  order  to  permit 
water  pressure  to  stand  on  the  entire  sprinkler  sj'stem  throughout  the 
cold  weather,  assuming,  of  course,  substantiallj'  constructed  build- 
ings, as,  for  example,  those  mentioned  in  the  paper.  I  have  no  doubt 
that  even  better  results  regarding  the  cost  of  this  heating  could 
be  obtained  if  exhaust  steam  were  used,  as  also  mentioned  bj^  Mr. 
Kinealy. 

2  Referring  to  Mr.  Edward  N.  Trump's  discussion,  I  think  that  in 
his  enthusiasm  for  the  arrangement  using  calcium  chlorid  he  has 
somewhat  over-estimated  the  difficulties  ordinarily  experienced  in 
practice  with  the  automatic  dry-pipe  system.  The  dry  system 
undoubtedly  requires  some  attention,  and  I  believe  this  will  be  found 
to  be  true  to  a  greater  or  less  extent  with  the  other  alternative 
arrangements  which  have  been  suggested.  In  any  event,  there  are 
today  a  large  number  of  dry-pipe  equipments  in  use  which  are  giving 
reasonably  satisfactory  protection  and  the  average  equipment  does 
not  leak  sufficiently  to  reduce  the  air  pressure  at  a  greater  rate  than 
sa}^  7  to  10  lb.  per  week.  Many  systems  leak  appreciably  less 
than  this  so  that  in  most  cases  it  is  not  necessary  to  pump  up  the 
systems  oftener  than  about  once  a  week.  By  heating  the  building, 
however,  all  the  advantages  of  the  wet  system  can  be  secured  at  practi- 
cally the  same  expense  and  in  some  cases  at  even  less  expense  than 
that  for  the  ordinary  dry  pipe  system. 
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By  JOHN  WILKINSON,  SYRACUSE,  N.  Y. 
Member  of  the  Society 

The  first  result  always  met  by  the  investigator  of  the  air-cooled 
engine  for  automobile  work  is  that  the  motor  becomes  too  hot  for 
proper  operation,  and  therefore  the  problem  has  been  to  find  out 
how  overheating  manifests  itself  and  how  to  overcome  the  fault. 

2  Overheating  shows  itself  in  a  number  of  ways.  The  cyhnder 
may  become  so  hot  as  to  reduce  the  amount  of  air  and  gas  taken 
in,  resulting  in  a  reduction  of  power;  or  the  oil  may  fail  to  lubricate, 
causing  an  increase  of  friction,  which  still  further  heats  the  cylinder 
and  reduces  its  power. 

3  This  has  been  proved  by  introducing  a  non-volatile  lubricant, 
such  as  graphite,  into  the  cylinder  after  the  power  has  dropped, 
and  noting  the  almost  instantaneous  recovery  of  the  power.  This 
heating  may  be  so  great  as  to  expand  the  piston  head  to  the  point 
where  it  will  seize. 

4  The  incoming  charge  may  become  so  heated  by  the  walls  and 
by  compression  that  it  is  ignited  prematurely.  This  generally 
occurs  at  a  low  engine  speed  and  is  indicated  by  energetic  knocking. 
Monograph  indicator  cards  taken  under  these  conditions  show  the 
pressure  to  have  risen  very  much  higher  than  normal,  indicating 
that  a  true  explosion  niay  have  taken  place. 

5  Fig.  1  represents  an  ordinary  monograph  card,  and  Fig.  2  shows 
the  high  initial  pressure  due  to  premature  ignition  from  heat. 

6  Again,  some  projection  into  the  cylinder  of  metal  or  accumulated 
carbon,  or  more  often  a  red  hot  exhaust  valve,  may  cause  a  premature 
explosion  at  high  speed,  or  even  a  burning  of  the  charge  on  entering 
the  cylinder.  This  may  also  produce  the  same  effect  at  low  speed  as 
is  shown  on  Fig.  2.  It  is  therefore  necessary  to  apply  remedies  to 
obviate  as  far  as  possible  the  above  conditions. 
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7  In  order  to  keep  the  temperature  of  the  cylinder  walls  within 
working  limits,  it  is  evident  that  the  design  must  be  such  that  either 
less  heat  is  allowetl  to  enter  the  walls  or  more  is  carried  off,  or  both 
of  these  results  accomplished. 

8  To  allow  less  heat  to  enter  the  walls  is  one  of  the  fundamental 
principles  of  the  economy  of  the  gas  engine,  and  is  best  accomplished 
l)y  reducing  the  internal  surface  exposed  to  combustion  to  a  mini- 
mum, which  means  to  design  the  combustion  chamber  so  that  it 
will  be  as  nearly  spherical  as  possible. 


FIG.  1   NORMAL  MONOGRAPH  CARD  COOLED  ENGINE  UNDER  FULL  LOAD 
OF  AIR.  THIS  CARD  SHOWS  THE  EFFECT  OF  THE  AUXILIARY  EXHAUST 


FIG.  2  PREMATURE  IGNITION  MONOGRAPH  CARD  DUE  TO  OVERHEATING  OF 

ENGINE 


9  The  smaller  the  internal  surface,  the  less  the  incoming  charge 
will  be  heated,  the  less  heat  will  be  lost  to  the  cylinder  walls  and  the 
less  heat  must  be  carried  from  the  walls  to  keep  them  at  a  working 
temperature.  This  fact  does  not  seem  to  be  well  recognized,  and 
engines  are  still  built  with  a  valve  pocket  on  each  side  of  the  cylinder. 

10  The  internal  surface  exposed  to  heat  at  the  time  of  explosion 
in  a  4  in.  by  4  in.  motor  with  a  semi-spherical  cylinder  head  is  about 
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38  sq.  in.;  in  the  same  motor  with  a  valve  pocket  on  either  side  of 
the  cyhnder  about  74  square  inches,  and  a  good  part  of  this  surface 
has  to  be  left  rough.  It  is  evident  that  tlie  jacket  loss  must  be 
greater  in  the  latter  instance. 

11  Engines  with  a  semi-spherical  head  gain  25  per  cent  in  power 
and  efficiency  over  the  prevalent  type  with  a  valve  pocket  on  each 
side.  This  type  of  cylinder  head  maj^  be  machined  smooth  on  the 
inside  to  reduce  its  heat  absorbent  effect  to  a  minimum. 


THE    EXHAUST    GASES 

12  In  passing  out  of  the  cylinder  the  exhaust  gases  often  raise 
the  temperature  of  the  exhaust  valve  -to  the  point  of  premature 
ignition,  and  give  up  their  heat  to  the  metal  adjacent  to  the  valve 
and  to  the  valve  passages. 
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FIG.  3    MONOGRAPH   CARD  SHOWING  EXHAUST  WITHOUT  AUXILIARY 
EXHAUST  OPENINGS 

13  If  a  port  is  located  at  the  bottom  of  the  stroke,  however,  a 
large  part  of  the  exhaust  will  pass  out  before  the  main  exhaust 
opens,  and  the  temperature  of  the  gases  passing  out  at  the  exhaust 
valve  will  be  greath^  reduced.  The  exhaust  passages  contiguous 
to  the  cylinder  should  also  be  made  as  short  as  possible. 

14  Fig.  3  shows  a  monograph  card  taken  from  a  4  in.  by  4j  in. 
engine  with  an  exhaust  opening  40  deg.  before  the  end  of  the  stroke. 
Fig.  1  shows  a  card  of  a  4  in.  by  4  in.  engine,  with  auxiliary  exhaust 
opening  at  the  same  point. 

The  best  internal  conditions  may  be  summed  up  as  follows: 
a  To  present  the  minimum  internal  surface  to  the  heat. 
b  To  make  this  surface  as  smooth  as  possible. 
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c  To  carr}'^  off  the  hot  exhaust  gases  at  the  bottom  of  the  stroke 
before  the  main  exhaust  valve  opens. 

d  To  get  rid  of  what  is  left  with  as  little  surface  contact  with 
the  cylinder  as  possible. 

e  To  reduce  the  friction  of  piston  on  the  C3^1inder  to  a  minimum. 

/  To  keep  all  projections  out  of  the  cylinder. 

g  To  make  the  compression  just  right  to  fit  all  other  condi- 
tions. 

15  The  above  represent  the  requirements  for  air-cooling  in  regard 
to  the  internal  conditions  of  the  cylinder  as  far  as  the  writer  under- 
stands them.  There. still  remain  the  external  conditions  which,  ex- 
cept that  the  more  circulation  of  air  the  better,  have  not  yielded  results 
that  can  so  confidently  be  asserted  as  correct.  What  the  form, 
position,  and  material  of  the  outside  surface  shall  be  has  not  been 
fully  decided. 

16  If  we  try  to  make  the  cooling  surface  part  of  the  cylinder  cast- 
ing, we  meet  great  difficulties  in  the  way  of  unsound  casting,  insuf- 
ficient area,  and  too  much  weight.  If  we  attach  pieces  of  copper  or 
other  good  conduction  metal  in  the  form  of  rings  or  studs,  it  is  very 
necessary  to  take  care  to  make  an  extremely  good  mechanical 
joint.  No  one  has  3'-et  succeeded  in  brazing  or  soldering  such  mate- 
rial to  the  cyUnder  in  satisfactory  form.  An  ideal  coohng  medium 
would  be  a  finely  and  equally  spaced  growth  of  copper  hair  metalhc- 
ally  joined^to  the  cylinder. 

17  A  still  further  compHcation  of  cooling  is  presented  by  the 
necessity  of  using  a  four-cylinder  motor  placed  longitudinall}^  in  the 
car.  Attempts  have  been  made  to  cool  motors  of  this  tj-pe  by  the 
general  circulation  of  air  by  means  of  a  fan  in  front.  Each  cylin- 
der, however,  tends  to  keep  the  air  away  from  the  next  one  and  to 
radiate  its  heat  to  its  neighbor,  and  the  cooling  medium  gets  warmer 
as  it  gets  toward  the  rear.  It  is  therefore  necessary  to  increase  the 
cooling  surface  at  the  rear  of  the  engine;  the  third  cylinder  requiring 
the  most  attention,  the  second  somewhat  less,  and  the  first  requiring 
very  little  surface,  showing  the  efficiency  of  a  rapid  circulation 
on  an  unobstructed  cylinder. 

18  If  a  blower  is  used  to  drive  the  air  separately  over  each 
cylinder,  a  large  amount  of  power  is  absorbed  by  the  blower,  and  a 
piping  sj^stem  of  considerable  complication  is  needed.  It  also  has  one 
of  the  weaknesses  of  the  water-cooled  motor,  namely,  the  danger  of 
ruining  the  motor  by  the  breakdown  of  the  circulating  mechanism. 

19  An  investigation  of  the  relative  sizes  of  the  internal  surfaces, 
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volumes,  and  speeds  of  two  similar  engines  for  use  in  an  automobile 
seems  to  show  that  the  larger  the  engine  the  lower  the  temperature 
of  the  cylinder  walls.  The  only  parts  of  a  large  engine  that  get 
hotter  than  a  small  one  are  the  exhaust  valve  and  center  of  the  piston. 

20  If  an  auxiliary  exhaust  port  is  used,  the  exhaust  valve  gets 
no  hotter  than  in  a  smaller  engine,  and  therefore  the  limiting  feature 
of  air-cooling  a  large  engine  is  the  temperature  of  the  piston  center. 
The  writer  has  used  4-cylinder  engines  as  large  as  5  in.  by  5  in.  with 
as  much  success  as  smaller  ones. 

21  In  view  of  the  above,  it  might  be  asked  what  can  actually  be 
said  of  the  performance  of  air-cooled  motors  in  practice.  A  4-cyl- 
inder 4  in.  by  4  in.  motor  with  a  clearance  space  of  26  per  cent  of 
total  volume  delivering  at  the  brake: 

21  horse  power  at  1000  revolutions  and 

27  horse  power  at  1500  revolutions 
or  1  horse  power  for  each  7.4  cubic  inches  of  displacement  at  1000 
feet  per  minimum  piston  speed  will  positively  meet  every  condition  of 
road  use,  and  we  hope  to  see  in  the  near  future  30  horse  power  at  1000 
feet  piston  speed  or  1  horse  power  for  each  6§  cu.  in.  piston  displace- 
ment. This,  so  far  as  the  writer  knows,  is  as  good  as  is  commer- 
cially produced  in  a  water-cooled  engine  of  the  same  size.  Tests 
show  the  heat  efficiency  of  a  motor  of  this  size  to  be  as  high  as  20 
per  cent,  which  represents  0.7  pounds  of  gasolene  per  brake  horse 
power  hour. 

22  It  would  not  be  reasonable  to  assert  that  an  engine  can  be 
kept  as  cool  with  air  as  with  water  and  it  is  not  desirable  to  do  so 
as  the  efficiency  is  higher  with  the  hot  motor. 

23  The  air-cooled  motor  is  correct  in  theory  in  that  it  directly 
cools  by  the  air,  aud  the  ordinary  type  is  simpler,  lighter  and  cheaper, 
and  proof  against  extreme  heat  and  cold.  Its  cooling  is  not  depend- 
ent for  safety  on  any  working  mechanism.  Even  with  the  loss  of  its 
fan  it  can  generally  be  brought  to  its  destination  on  schedule  time. 
Such  faults  as  it  has  had  have  been  slowly  eliminated.  Whether 
it  has  any  inherent  defects  which  can  never  be  corrected  is  very 
doubtful,  and  its  entrance  into  even  the  high  powered  field  is  only 
a  question  of  time. 
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Since  the  first  attempt  to  build  automobiles,  early  in  the  90's, 
experimenters  have  had  difficulty  in  getting  materials  suitable  for 
the  purpose.  Steel  of  high  tensile  strength  was  employed  but  the 
results  were  not  satisfactory.  Lower  carbon  steels  were  tried,  but 
they  lasted  only  a  few  weeks,  or  months,  and  then  broke  short  off. 
Swedish  iron  did  not  break,  but  when  the  first  hard  bump  was 
encountered  it  took  a  set  and  the  wabbling  rear  wheels  indicated 
what  had  happened.  Finally  a  steel  of  moderately  low  carbon  was 
introduced  which  gave  only  fair  results,  and  if  the  car  was  driven  for 
any  length  of  time  over  rough  roads,  this  also  crystallized  and  broke 
off. 

NICKEL   STEEL 

2  In  1899  a  nickel  steel  axle  was  introduced  into  a  machine  by 
Messrs.  Haynes  &  Apperson,  and  the  car  made  successfully  a  trip 
from  Kokomo,  Ind.,  to  New  York,  a  distance  of  about  1000  miles, 
without  serious  breakage  of  any  kind.  This  axle  was  made  by  the 
Bethlehem  Steel  Co.,  of  Bethlehem,  Pa.,  and  so  far  as  is  now  known, 
was  the  first  material  of  this  kind  ever  used  in  an  automobile. 
Nickel  steel  was  used  in  the  axles  of  cars  of  this  construction  for  about 
five  years,  and  not  a  single  case  of  breakage  occurred  during  that 
period.  Not  only  was  this  steel  found  to  be  practically  free  from 
crystallization,  but  it  possessed  a  very  high  elastic  limit — about 
70  000  or  80  000  pounds— and  a  tensile  strength  of  over  100  000 
pounds,  with  an  elongation  of  about  15  or  20  per  cent. 

3  Soon  afterward  nickel  steel  was  introduced  into  the  construc- 
tion of  driving  chains  and  those  chains  showed  great  superiority  over 
the  ones  formerly  made  of  ordinary  steel.  When  the  sliding  gears 
were  first  used  on  the  automobile  for  the  purpose  of  changing  the 
gear  ratio  between  the  motor  and  rear  axle,  trouble  was  again 
encountered  in  breakage. 
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Gears  were  made  of  the  best  kinds  of  tool  steel  without  success.  The 
ends  of  the  teeth  would  break  off  when  an  attempt  was  made  to  throw 
them  suddenly  into  engagement  b}^  means  of  the  shifting  levers. 
Trouble  of  a  very  serious  nature  resulted  from  this,  as  pieces  of  the 
broken  teeth  would  get  into  the  other  gears,  thus  causing  them  to  break, 
and  sometimes  the  entire  train  of  gears  would  be  almost  ground  to 
pieces  on  account  of  the  breakage  first  of  one  gear  and  then  of  another. 

4  Machinery  steel,  case  hardened,  was  tried,  and  while  this  gave 
better  results,  it  was  by  no  means  satisfactory.  The  injury  and 
breakage  of  sliding  gears  were  taken  as  a  matter  of  course,  and  almost 
every  person  possessing  a  car  equipped  with  these  gears  expected 
sooner  or  later  to  make  a  number  of  replacements. 

NICKEL   CHROME    STEEL 

5  It  was  finally  discovered  that  an  alloy  consisting  of  iron,  nickel, 
and  chromium  possessed  most  remarkable  properties.  Not  only 
could  the  steel  be  hardened  by  heating  to  redness  and  quenching 
in  oil,  but  it  could  be  given  a  considerable  amount  of  toughness  at 
the  same  time  by  drawing  the  temper  somewhat  after  the  first  hard- 
ening. If  the  steel  was  properly  made  and  afterward  properly  treated, 
it  was  found  to  be  almost  impossible  to  break  one  of  the  teeth  in  a 
6-pitch  gear  by  means  of  a  heavy  hammer.  So  successful  were  these 
gears  that  they  rendered  it  possible  to  run  an  entire  season  some- 
times without  the  breakage  or  serious  injur}'  of  a  single  tooth.  Front 
axles,  steering  knuckles,  and  other  important  parts  requiring  high 
elasticity  were  made  of  this  steel  in  certain  cars  with  ver}^  good  results. 

6  It  has  been  found  that  the  manufacturing  and  working  of  nickel 
chrome  steel  requires  great  care,  as  there  seems  to  be  some  tendency 
toward  segregation  when  the  steel  is  in  the  process  of  making,  which 
gives  rise  to  hard  and  soft  spots  in  the  finished  metal.  If  an  attempt 
is  made  to  manufacture  gears  from  material  of  this  character,  it  will 
be  found  that  some  of  the  teeth  are  extremely  hard  Avhile  others  are 
just  about  the  right  hardness.  On  the  other  hand,  even  if  the  steel  is 
of  uniform  composition  and  texture  throughout,  it  will  not  stand  very 
great  variation  of  temperature  without  danger  of  injury,  since  it  is 
very  sensitive  to  heat  treatment.  When  properly  made  and  properly 
treated,  however,  it  is  perhaps  the  most  ^resistant  substance  to 
shocks  and  blows  yet  produced. 

7  The  following  may  be  taken  as  a  test  of  high  quality  nickel 
chrome  steel  made  by  the  Krupp  Company,  of  Essen,  Germans.  It 
will  be  noted  that  much  depends  upon  the  treatment  of  the  steel : 
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DIMENSIONS  OF  TEST  BARS,    5.91    IN.    LONG   AND  0.59   IN.  DIAM. 

Slightly      Greater  deg. 
Normal        hardened     of  hardness. 

Elastic  limit,  lb.  per  sq.  in 86,909  148,072  193,589 

TensQe  strength,  lb.  per  sq.  in 111,943  155,326         221,325 

Elongation,  per  cent 14.5  9.1  7.7 

Contraction,  per  cent 64 . 0  55.6  46.2 

It  will  be  noted  from  the  above  tests  that  under  the  hardening 
treatment  the  tensile  strength  rises  rapidly,  and  the  same  may  be 
said  of  the  elastic  limit.  The  contraction  of  area  does  not  suffer  so 
much  as  the  elongation.  The  comparatively  small  loss  in  con- 
traction of  area  is  a  good  sign,  since  it  indicates  that  the  texture  of 
the  steel  has  been  well  preserved  undsr  treatment. 

8  Plain  nickel  steel  containing  a  very  small  per  cent  of  carbon  is 
also  a  good  safe  material  for  automobile  work.  The  following  may  be 
taken  as  an  example  of  a  mild  low  carbon  nickel  steel: 

Elastic  limit,  65,146;  tensile  strength,  81,561;  elongation,  23.9  per 
cent;  contraction  of  area,  71  per  cent. 

9  It  will  also  be  observed  from  this  that  while  the  elastic  limit  is 
quite  low  as  compared  with  the  nickel  chrome  steel,  it  is  high  as  com- 
pared with  ordinary  carbon  steel ;  and  that  the  elongation  and  contrac- 
tion of  area  are  very  high  indeed,  indicating  a  very  safe  material  for 
almost  any  construction.  This  material  not  only  possesses  these 
excellent  properties,  but  resists  dynamic  stress  remarkably  well — in 
fact  if  the  dynamic  stresses  are  not  too  close  to  the  elastic  limit  of  the 
steel,  it  will  preserve  its  strength  and  quality  for  an  indefinite  time. 
The  following  tests  indicate  the  quality  of  this  material  as  compared 
with  carbon  steel,  the  samples  being  tested  under  combined  torsion 
and  vibration. 

Carbon  steel,  15,000  vibrations;  nickel  steel,  34,000,000  vibrations, 
— not  broken. 

VANADIUM    STEEL 

10  Besides  the  steels  already  mentioned,  there  is  another  which  is 
now  attracting  considerable  attention;  namely,  that  produced  by 
adding  a  small  quantity  of  vanadium  to  a  nickel  steel  or  chrome  steel. 
Since  vanadium  has  until  recently  been  classed  among  the  very  rare 
elements,  it  ma}^  perhaps  be  in  place  to  mention  a  few  of  its  properties. 
It  is  prepared  from  the  chlorid  V  Clj,  which  is  reduced  by  means  of  a 
current  of  hydrogen  gas,  the  chlorid  being  heated  while  the  reduction 
is  taking  place.     Simple  as  this  process  may  seem,  it  is  one  of  the  most 
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difficult  known  to  chemists,  and  it  usually  requires  three  or  four  days 
to  prepare  a  fraction  of  an  ounce  of  the  rnetal  by  this  process.  Until 
quite  recently  this  element  and  its  compounds,  owing  to  their  rarity, 
were  very  expensive,  but  we  are  now  assured  by  the  American  Vana- 
dium Compan}^  that  a  sulphid  of  vanadium  has  been  discovered  in  an 
immense  quantity  in  the  Andes  mountains  of  South  America,  and  that 
they  are  prepared  to  furnish  the  metal  in  the  form  of  a  ferro  alloy, 
known  as  ferro- vanadium,  in  any  quantity  desired. 

11  This  ferrO-vanadium  contains  about  20  per  cent  of  the  latter 
metal,  and  is  readily  incorporated  with  the  iron  or  steel  during  the 
melting,  either  in  the  open-hearth  or  crucible  process.  Mr.  J.  Kent 
Smith,  who  has  given  the  subject  of  vanadium  steel  much  attention, 
advocates  the  open-hearth  process  as  preferable  to  the  crucible  process 
for  the  making  of  this  steel.  This  steel  possesses  most  remarkable 
qualities,  notwithstanding  the  small  quantity  of  vanadium  which  it 
contains.  One  of  these  is  the  closeness  with  wiiich  its  elastic  limit 
approximates  its  tensile  strength,  and  since  the  former  quality  is 
the  one  in  which  the  greatest  dependence  is  placed,  this  is  a  very  desir- 
able characteristic.  The  sharp  contraction  of  area,  also  a  charac- 
teristic of  this  steel,  together  with  the  silky  fracture  it  usually  pre- 
sents, is  also  a  strong  indication  of  the  splendid  quality  of  this 
material.  Moreover,  the  fracture  is  nearly  always  of  this  quality, 
even  though  the  steel  has  been  highly  tempered. 

12  It  is  a  rather  remarkable  fact  that  the  vanadium  alone  or  with 
carbon  does  not  give  much  character  to  the  iron  or  steel,  but  when 
a  third  element  is  introduced,  such  as  nickel  or  chromium,  the  charac- 
teristics of  the  steel  are  changed  for  the  better.  Whether  the 
vanadium  acts  as  an  essential  element  in  the  composition  of  the  steel 
or  principally  as  a  purifier  is  not  fully  known;  it  has  been  found,  how- 
ever, that  a  certain  amount  of  the  vanadium  introduced  (about  ^ 
per  cent),  must  remain  in  the  steel  in  order  to  give  itHs  character- 
istic properties.  Vanadium,  however,  has  a  strong  affinity  for  nitro- 
gen as  well  as  for  oxygen,  and  it  maybe  that  it  acts  as  a  purifier  of  the 
steel  by  combining  with  minute  quantities  of  nitrogen  gas,  which 
might  otherwise  be  occluded  in  the  steel  and  thus  interfere  with  its 
compactness  and  strength. 

13  It  will  readily  be  seen  that  the  high  elastic  hmit,  strong  con- 
traction of  area  and  splendid  silky  fracture,  together  with  the  large 
number  of  vibrations  which  the  steel  endures  under  dynamic  stress, 
most  strongly  recommend  this  steel  as  almost  ideal  for  many  parts  of 
the  motor  car.  The  writer  has  made  some  experiments  in  the  forging, 
and  found  that  it  works  well  under  the  hammer,  though  it  must  not  be 
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allowed  to  become  too  cold  or  it  will  resist  pounding  to  a  remarkable 
degree.  It  is  not  readily  injured  under  the  forging  hammer,  provided 
due  care  is  taken  not  to  heat  it  too  rapidly.  Another  valuable  prop- 
erty of  the  steel  is  the  fact  that  it  machines  more  readily  than  nickel 
chrome  steel — in  fact,  more  readily  than  plain  nickel  steel. 

BRONZE  AND   OTHER  ALLOYS 

14  The  use  of  bronzes  in  the  motor  car  must  necessarily  be  re- 
stricted to  parts  requiring  low  rigidit}^  and  usually  also  moderate 
strength.  While  it  must  be  admitted  that  samples  of  bronzes  can  be 
made  that  approach  closely  to  fairly  good  grades  of  steel  in  .tensile 
strength,  elastic  limit,  and  contraction  of  area,  it  must  also  be  remem- 
bered that  the  modulus  of  elasticity  of  iron  and  steel  is  about  28,000,000 
pounds,  for  example,  while  that  of  bronze  is  only  about  15,000,000 
pounds.  This  means  that  a  bar  of  bronze  of  a  given  size  and  form 
under  given  conditions  will  deflect  nearly  twice  as  much  under  the 
same  load  as  a  similar  bar  of  iron  or  steel.  In  most  parts  of  the  car 
this  feature  is  objectionable,  since  changes  of  alignment  are  likely  to 
occur,  unless  the  parts  which  are  made  of  this  material  are  especially 
well  designed. 

15  Notwithstanding  the  above  objection  the  readiness  with  which 
bronze  lends  itself  to  the  production  of  castings  of  various  parts,  and 
its  freedom  from  crystallization  under  dynamic  stress  has  led  to  its 
introduction  into  many  of  the  minor  parts  of  the  motorcar,  such  as 
small  hand  levers,  carbureters,  tubing,  crank  cases,  gear  cases,  etc. 
In  general,  it  may  be  said  that  it  is  suitable  for  the  small  levers  such  as 
those  used  for  controlling  the  sparking  mechanism,  carbureter,  etc. 
Another  use  for  this  metal  is  in  bearings,  although  these  require  a 
decidedly  different  composition  from  that  used  for  levers,  crank  cases, 
and  like  parts; 

16  The  parts  requiring  strength  are  usually  made  from  nickel 
bronze,  phosphor  bronze,  manganese  bronze,  or  aluminum  bronze, 
while  the  bearing  bronzes  are  composed  usually  of  lead,  tin,  and 
copper  in  various  proportions.  Under  this  latter  head  come  also  the 
so  called  babbit  metals  which  vary  greatly  in  their  composition,  some 
of  them  being  composed  of  lead,  copper,  tin,  and  antimony;  others  of 
lead,  tin,  zinc,  and  antimony,  and  still  others  of  lead,  tin,  and  anti- 
mony. It  is  not  the  purpose  of  the  writer  to  discuss  the  merits  of 
these  various  bearing  metals,  since  a  number  of  very  good  ones  can  be 
readily  obtained  on  the  market. 

17  Beside  the  above  alloys,  pure  copper  is  used  to  a  considerable 
extent  in  the  construction  of  radiators,  gasolene  tanks,  etc.     It  is  well 


214  MATERIALS    FOR   AUTOMOBILES  . 

adapted  for  the  construction  of  radiators,  since  it  can  easily  be 
soldered;  is  one  of  the  best  conductors  of  heat,  and  is  readily  formed 
into  almost  any  shape  on  account  of  its  malleability,  ductility,  and 
comparative  softness. 

ALUMINUM 

18  Aluminum  is  now  used  very  largely  in  automobile  construction, 
and  it  is  a  significant  fact  that  it  was  first  introduced  into  the  automo- 
bile in  America,  though  the  French  used  it  quite  early  to  some  extent 
for  a  few  minor  parts  of  their  machines.  Pure  aluminum  is  used  only 
for  a  few  special  purposes,  and  even  then  to  a  limited  extent — most 
notably  for  tubing  and  radiators.  It  is  quite  w^ell  adapted  for  the 
latter  purposes  in  many  respects,  but  the  comparative  difl&culty  ex- 
perienced in  soldering  it  is  a  drawback.  On  the  other  hand,  when 
alloyed  with  copper  or  some  other  metal  giving  it  increased  hardness 
and  elasticity,  it  is  well  adapted  for  various  purposes  such  as  seats, 
gear  cases,  crank  cases,  dashes,  and  various  other  parts  of  the  car. 
Its  extreme  lightness,  together  with  the  ease  with  which  it  may  be 
machined  and  the  facility  with  which  it  may  be  cast,  renders  it  very 
useful  for  many  parts  of  the  machine. 

19  An  alloy  of  zinc  and  aluminum  seems  to  have  considerable 
rigidity  and  elasticity,  as  w^ell  as  quite  high  tensile  strength.  It  is 
also  cheaper  than  the  aluminum  copper  allo}^  but  experiments  made 
by  the  writer  indicate  that  this  alloy  is  not  safe  if  subjected  to  repeated 
vibrations,  since  it  seems  to  fatigue  quite  rapidly  and  sooner  or  later 
breaks  off  short.  For  example,  a  ^-inch  square  bar  made  of  an  alloy 
of  aluminum  and  zinc  withstood  only  about  15,000  vibrations  before 
breaking,  while  an  alloy  of  copper  and  aluminum  withstood  1,600,000 
vibrations  of  the  same  amplitude  and  frequency  without  breaking  or 
showing  any  signs  of  injury  except  a  very  slight  set.  Aluminum  also 
forms  a  very  light  alloy  with  magnesium,  which,  however,  is  too 
expensive  for  ordinary  use  and  is  somewhat  difficult  to  handle  in 
quantity.  A  number  of  other  alloys  of  aluminum  have  been  pre- 
pared, and  to  some  extent  used  in  automobile  construction — the  most 
notable  perhaps  of  which  is  an  alloy  of  tungsten  and  aluminum,  which 
has  been  used  to  a  considerable  extent  abroad,  but  is  not  used  in 
American  cars  so  far  as  the  writer  is  aware. 

RECAPITULATION 

20  From  the  foregoing  it  may  be  said  that  the  following  sub- 
stances have  proved  suitable  for  the  various  parts  of  the  automobile: 
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a  For  rear  live  axles,  nickel  steel  containing  from  4  per  cent 
to  5  per  cent  nickel  and  less  than  0.3  per  cent  carbon. 

h  For  front  axles,  steering  knuckles,  propeller  shafts,  etc., 
vanadium  steel. 

c  For  sliding  gears,  nickel  chrome  steel  hardened  throughout, 
or  mild  nickel  steel  case  hardened. 

d  For  crank  shafts,  nickel  steel  or  vanadium  steel. 

e  For  frames,  low  carbon  open-hearth  steel,  mild  nickel  steel 
or  nickel  chrome  steel. 

/  For  nearly  all  other  parts  of  the  car,  such  as  hand  levers, 
tubing,  etc.,  a  good  open-hearth  steel  of  comparatively 
low  carbon — say  0.4  per  cent  or  under — is  of  suitable 
quality,  since  there  is  no  advantage  gained  by  using  high 
class  steels  for  these  purposes  for  the  reason  that  the 
rigidity  of  these  parts  is  of  prime  importance,  and  in  order 
to  make  them  sufficiently  rigid,  they  must  be  made  much 
more  than  sufficiently  strong;  therefore,  since  all  steels 
are  practically  equal  in  rigidity,  one  steel  is,  broadly 
speaking,  as  good  as  another  for  these  parts. 

21  The  use  of  bronze  should  be  restricted  largely  to  minor  parts; 
the  reducing  gear  wheels,  small  levers,  etc.,  can  be  made  of  phosphor 
bronze,  while  the  bearings  should  be  made  of  some  good  composition 
bronze — an  alloy  of  copper,  lead,  tin  and  zinc  answers  well  for  this 
purpose,  but  the  main  bearings  for  the  engine,  such  as  the  crankshaft, 
crank  pins,  etc.,  should  be  made  of  a  special  bearing  metal,  which  is 
very  firm  and  at  the  same  time  will  not  injure  the  crankshaft  in  case 
the  lubrication  becomes  deficient.  The  crank  case  of  the  motor,  the 
gear  case,  and  other  similar  parts  may  well  be  made  of  aluminum, 
since  it  is  fight,  strong,  and  easily  cast  into  the  proper  shape.  Steel 
would  answer  for  the  above  parts  if  it  could  be  conveniently  worked 
into  the  proper  form. 

22  It  will  be  noticed  from  the  foregoing  that  the  most  progressive 
automobile  builders  have  spared  neither  pains  nor  expense  in  obtain- 
ing the  very  best  materials  that  can  be  produced,  because  in  order  to 
obtain  the  highest  results  in  automobile  construction,  it  is  necessary 
that  material  of  superior  quality  shall  be  used  for  certain  parts  of  the 
machine.  Perhaps  there  is  no  form  of  construction  that  taxes  the 
ingenuity  of  its  builders  more  severely  than  the  building  of  a  good  auto- 
mobile. Those  who  are  versed  in  mechanical  matters  and  who  know 
the  sizes  of  parts  generally  used  for  heavy  stress,  often  marvel  at 
the  strength  and  endurance  of  the  modern  automobile.  Factors  of 
safety  must  be  reduced  to  the  minimum  in  nearly  every  part  of  the 
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machine  or  excessive  weight  is  sure  to  occur.  Many  high  class 
machines  weigh  less  than  70  pounds  to  the  horse  power,  passengers 
included.  Of  course  it  is  not  expected  that  the  motor  shall  be  used 
constantly  at  anything  near  its  maximum  horse  power —  yV  of  its 
brake  horse  power  is  enough  for  almost  any  automobile  motor  when 
in  daily  use;  high  power  is  simply  intended  to  meet  emergencies, 
but  the  material  throughout  the  machine  must  be  strong  enough  to 
withstand  any  stress  momentarily  applied. 

28     The  following  table  gives  approximately  the  strength  of  vari- 
ous materials  used  in  automobile  construction: 

TABLE  2     STRENGTH  OF  AUTOMOBILE  MATERIALS 

Modulus  of 
rigidity 

Aluminum  alloys S  to  11  million 

Phosphor  bronze 12  to  14  million 

Manganese  bronze 15  million 

Aluminum  bronze 15  million 

Wrought  iron 28  million 

Mild  open  hearth  steel 28  million 

Tool  steel 29  million 

Nickel  steel 28  million 

Nickel  chrome  steel 30  million 

Vanadium  steel  treated   30  million 


Elastic  limit 

Tensile  strength 

lOM  to  15M 

20M  to  30M 

20,000 

30,000 

35,000 

50,000 

50,000 

75,000 

30,000 

40,000 

40,000 

60,000 

80,000 

110,000 

80,000 

110,000 

160,000 

180,000 

220,000 

228,000 

All  of  the  above  materials  stand  well  under  dynamic  stress  with  the 
exception  of  the  tool  steel,  which  should  not  be  used  for  this  purpose 
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EUROPEAN  RAILWAY  MOTOR  CARS 
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Non  Member 

As  a  result  of  continued  and  consistent  experimentation,  covering 
a  period  of  four  years  or  more,  conducted  by  numerous  English  and 
Continental  railways,  the  self  propelled  railway  car  has  been  brought 
to  such  a  degree  of  refinement  that  it  has  become  an  important  and 
established  factor  in  the  transportation  of  passengers  and  light  goods 
traffic.  While  its  incej^tion  dates  back  many  years — experiments 
along  this  line  having  been  made  as  early  as  1873 — the  successful 
development  of  the  self  contained  car  is  quite  recent.  Owing  partly 
to  the  crudity  of  early  designs,  but  largely  to  under-estimation  of 
its  possibilities  and  lack  of  appreciation  of  the  necessity  for  frequent 
and  rapid  train  service,  and  because  the  demands  of  the  traveling 
public  were  not  nearly  so  exacting  as  at  present,  the  early  experiments 
were  probably  premature;  but  the  phenomenal  growth  of  our  large 
cities,  the  grouping  of  commercial  interests,  and  the  ever  present 
desire  for  home  comforts,  have  removed  residence  districts  from 
business  centers,  and  brought  about  the  necessity  for  efficient  subur- 
ban and  interurban  transportation  facilities.  Greater  demands 
upon  business  men's  time  have  likewise  contributed  to  the  necessity 
for  rapid  transit.  The  influence  of  metropolitan  activity  is  felt  in 
the  smaller  cities  and  provincial  towns,  and  extends  even  to  the  most 
remote  country  districts. 

2  In  the  United  States,  electricity  has  been  widely  adopted  as  a 
motiye  power  and  has  met  with  marked  success  the  demands  for 
quick  and  reliable  service.  Electrification  of  existing  steam  roads 
and  the  building  of  new  electric  lines  have  not  been  taken  up  as 
generally  in  Europe,  and  it  is  therefore  only  natural  that  the  engineers 
of  those  railways  should  look  for  the  solution  of  the  frequent  service 
problem  by  a  vehicle  which  might  be  adapted  to  existing  conditions 
with  no  expenditure  for  equipment  other  than  that  for  the  vehicle 
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itself.  This  condition  of  affairs  probably  influenced  recent  builders 
of  motor  cars  in  selecting  steam  as  a  motive  power,  although  its  pre- 
dominance at  the  present  time  is  due  chiefl}^  to  its  low  fuel  cost  and 
great  flexibility. 

3  Numerous  English  and  Continental  railway  companies  have 
permanentl}'  established  motor  car  service  on  their  lines  in  different 
localities  with  marked  success.  The  practicabihty  of  the  self  con- 
tained car  for  certain  kinds  of  service  can  no  longer  be  doubted,  nor  is 
its  field  so  limited  as  might  be  generally  supposed.  One  may  see  such 
cars  operating  on  unimportant  branch  lines  as  feeders  to  trunk  line 
trains;  on  main  lines  through  thickly  populated  districts  carrying 
passengers  and  luggage  to  and  from  the  more  important  towns  served 
by  express  trains;  on  suburban  lines  in  competition  with  both  trolley 
cars  and  steam  trains;  on  an  entire  railway  system  where  there  is  no 
other  means  of  transportation  except  for  heavy  freight. 

4  Its  adoption  permits  better  service  with  greater  frequency  at 
lower  cost  of  operation  than  is  possible  with  the  ordinary  steam  train, 
comprising  a  locomotive  and  one  or  more  passenger  coaches  or  com- 
bination cars,  the  lower  operating  cost  being  due  chiefly  to  decreased 
fuel  consumption  and  a  reduction  in  the  train  crew.  Motor  car  equip- 
ment is  cheaper  to  install  than  ordinar)'-  train  equipment,  therefore 
fixed  charges  on  the  investment  are  correspondingly  less.  Mainte- 
nance charges  on  rolling  stock  are  about  the  same  in  both  cases,  but 
track  maintenance  is  less  where  motor  cars  are  used  because  of  de- 
creased weight. 

5  As  compared  with  electric  railways  for  interurban  service  where 
current  is  supplied  from  a  central  station,  the  relative  economy  de- 
pends chiefly  upon  the  frequency  of  the  service.  Taking  into  account 
the  cost  of  equipment,  installation,  operation,  current  losses,  etc.,  it  is 
fair  to  assume  that  where  cars  are  to  be  run  at  30  minute  intervals  or 
less,  the  electric  railway  is  the  more  economical,  but  where  car  or 
train  intervals  are  greater  than  30  minutes,  the  balance  is  in  favor  of 
the  self  propelled  car. 

6  The  following  list  comprises  the  principal  railways  operating 
motor  cars,  the  motive  power  of  these  cars,  and  type: 


RAILWAY 

AIOTIVE 

POWER 

England 

SYSTEM 

Great  Western 

Steam 

Great  Western 

Taff  Vale 

Steam 

Taff  Vale 

London  &  South  Western 

Steam 

L.  &  S.  W. 

Lancashire  <fe  Yorkshire 

Steam 

L.&Y. 

North  Eastern 

Petrol-Electric 

N.E. 
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RAILWAY 

motive  power 
France 

system 

Paris,  Lyon  &  Mediterranean 
Paris,  Lyon  &  Mediterranean 
Paris,  Orleans 
French  State 

Steam 
Steam 
Steam 
Steam 

Belgium 

Purrey 
Serpollet 
Purrey 
Purrey 

Belgium  State 

Steam 

Switzerland 

Belgium  State 

Swiss  Federal 
Swiss  Federal 

Steam 
Gasolene 

Austria 

Serpollet 
Ger.  Daimler 

Austrian  State 

Steam 

Hungary 

Komarek 

Hungarian  State 
Arad  and  Csanadar 
Arad  and  Csanadar 
Arad  and  Csanadar 

Steam 
Gasolene 
Steam 
Gasolene-Electric 

Ganz 

Ger,  Daimler 

Ganz 

Weitzer 

LONDON    &    SOUTHWESTERN   RAILWAY 

7  The  London  &  Southwestern  Railway  was  one  of  the  pioneers  in 
the  movement  for  self-contained  cars,  and  in  1903  placed  a  steam  car 
on  their  line  between  Fratton  and  South  Sea.  This  car  was  equipped 
with  small  cyclinders  and  vertical  boiler,  and  while  not  capable  of  high 
speed  or  quick  acceleration,  the  results  obtained  were  satisfactory  from 
the  standpoint  of  economy  of  operation,  and  probably  encouraged, 
more  than  anything  else,  other  railways  to  take  up  this  problem. 
This  car  has  a  total  length  of  50  feet,  and  seats  40  passengers.  The 
cylinders  are  inclined,  driving  the  leading  pair  of  wheels  only. 

GREAT   WESTERN   RAILWAY 


8  One  of  the  most  satisfactory  cars  in  operation  abroad  at  the 
present  time  is  the  one  developed  by  Mr.  Churchward,  chief  engineer 
of  the  Great  Western  Railway  of  England.  In  the  neighborhood  of 
sixty  of  these  cars  are  in  service  on  various  parts  of  the  Great  Western 
system,  and  others  are  in  course  of  construction.  They  combine,  to 
a  remarkable  degree,  many  of  those  qualities  essential  to  success; 
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large  seating  capacity  with  only  moderate  weight,  flexibiUty  of  con- 
trol, reasonable  speed  and  acceleration,  reliability,  low  maintenance 
and  fair  operating  costs. 

9  The  boiler  is  of  the  vertical,  fire  tube  type,  with  no  superheater, 
supported  directly  on  the  frame  of  the  power  truck,  and  serving  as  a 
center  pin  by  transmitting  the  driving  effort  to  the  sills  of  the  car 
through  fiat  springs.  It  is  enclosed  within  a  compartment  of  the  car 
body,  about  14  feet  long,  which  contains  the  coal  bunkers,  operating 
levers,  etc.  As  the  car  is  arranged  to  run  in  both  directions  and  con- 
trolled from  both  ends  a  stoker  is  employed  in  addition  to  the  driver. 
Aside  from  attending  to  the  fire  it  is  his  duty  to  regulate  the  cut  off 
when  the  driver  is  at  the  other  end  of  the  car,  as  only  brake  and  throt- 
tle connections  are  provided  there. 

10  The  motor  consists  of  two  single  expansion  cylinders  12  in.  by 
16  in.  coupled  direct  to  the  rear  driving  wheels,  which  in  turn  are 
coupled  to  the  front  drivers.     Walschaert  valve  gear  is  used. 

11  Air  brakes  are  provided,  the  usual  form  of  steam  actuated 
automatic  pump  being  used  to  supply  the  air.  The  water  supply  is 
carried  in  tanks  hung  beneath  the  car  body  midway  between  the 
trucks. 

12  As  an  indication  of  the  reliability  and  commercial  success  of 
these  cars,  the  following  instance  of  service  conditions  ma}''  be  cited; 
Two  motor  cars  and  four  or  five  trailers  are  used  on  the  main  line  of 
the  Great  Western  between  Chalford  and  Stonehouse,  a  distance  of 
about  seven  miles.  The  railway  at  this  point  runs  through  what  is 
known  as  the  Stroud  Valley,  a  thickly  populated  section  comprising 
in  all  about  40,000  inhabitants  in  the  nearby  towns  and  outlying  dis- 
tricts. The  motor  car  schedule  provides,  on  an  average,  fourteen 
round  trips  per  day  (a  total  of  about  200  miles)  so  arranged  as  to  run 
these  cars  between  through  trains,  both  passenger  and  freight.  There 
are  ten  stops  in  the  seven  miles,  and  the  running  time  each  way  is 
from  23  to  25  minutes. 

13  Stroud,  the  most  important  town  in  this  section,  is  located 
about  midway  of  the  run,  and  is  served  by  express  trains.  The  fre- 
quent motor  car  service  provides  an  attractive  means  of  reaching 
express  trains  in  addition  to  local  transit,  and  has  resulted  in  a  material 
increase  in  traffic  in  that  section.  Ordinarily,  one  motor  car  suffices, 
but  on  Saturdays,  Sundays,  and  holidays,  when  traffic  necessitates, 
both  cars  are  used,  and  frequently  with  one  or  two  trailers. 

14  Fares  range  from  2  to  8  cents,  depending  upon  the  distance, 
the  average  weekly  receipts  being  about  $300. 

15  These  cars  are  capable  of  a  maximum  speed  of  55  miles  an 
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hour,  although  the  average  running  speed  is  30  to  35  miles  an  hour. 
Their  maximum  acceleration  is  about  one  mile  per  hour  per  second. 

16  The  original  cost  of  the  type  of  motor  car  shown  on  Fig.  1  is 
about  $9000,  and  the  cost  of  operation,  aside  from  the  guard's  pay,  is 
13  cents  per  car  or  train  mile,  including  trailers,  for  the  service  above 
referred  to,  the  coal  consumption  being  about  20  pounds  per  train 
mile.  The  wages  paid  to  men  operating  these  cars  are  about  as 
follows:  guard,  6  shillings  per  day;  driver,  7  shillings  per  day;  stoker, 
3  shillings  6  pence  per  day. 

17  The  Great  Western  Railway  Co.  are  now  building  a  series  of 
trains  for  service  similar  to  that  described  above,  consisting  of  a  small 
locomotive  and  four  cars,  two  at  each  end  with  the  locomotive  in  the 
middle.  In  this  case,  the  stoker  only  remains  on  the  locomotive,  the 
driver  controlUng  the  train  from  either  end. 

TAFF   VALE    RAILW^AY 

18  The  Taff  Vale  Railway  has  built  a  number  of  cars  for  their  own 
use  and  for  other  railways,  the  designs  varying  slightly  to  suit  the  con- 
ditions of  the  different  roads.  Those  used  by  the  Taff  Vale  Railway 
are  similar  to  the  Great  Western  car  in  most  respects,  the  chief  differ- 
ence being  in  the  construction  of  the  boiler,  which  is  of  rather  peculiar 
design.  It  is  of  the  fire  tube  type,  and  consists  practically  of  two 
horizontal  barrels  placed  on  either  side  of  a  central  furnace,  the  hot 
gases  passing  horizontally  through  the  fire  tubes  to  smoke  boxes  at 
the  outer  ends,  and  from  there  through  flues  to  a  central  stack.  The 
boiler  is  placed  transversely  with  reference  to  the  car  body,  and  rests 
directly  upon  the  truck  frame  just  aft  of  the  forward  axle,  which  is  the 
dri\ing  axle.  The  forward  end  of  the  car  body  is  pivoted  on  the 
power  truck,  but  does  not  include  a  compartment  for  boiler,  etc.,  as 
in  the  case  of  the  Great  Western. 

19  The  power  truck  is  self  contained,  and  a  cab  is  provided  for  the 
driver  similar  to  that  of  a  small  locomotive.  The  cyHnders  are  placed 
outside,  and  the  valves  operated  by  an  ordinary  link  motion  with  rock- 
ing shaft.  The  car  is  heated  by  steam  from  the  engine  with  warmers 
of  acetate  of  soda,  and  fight  is  furnished  by  the  Pintsch  system  of  oil 
gas.  Both  hand  and  vacuum  brakes  are  provided.  The  conductor 
can  communicate  with  the  motorman  by  means  of  an  electric  bell,  and 
also  shut  off  steam  and  sound  the  whistle.  This  car  is  capable  of 
running  35  miles  per  hour  on  the  level,  and  will  ascend  a  2^  per  cent 
grade  at  20  miles  per  hour.  It  may  be  operated  from  either  end,  and 
all  operations,  except  starting,  can  be  performed  from  the  guard's 
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compartment.      It   is   claimed   that  it  is  possible  to  remove  the 
engine  from  the  car  body  in  20  minutes. 
Latest  type  of  Taff  Vale  car : 

Over  all  length,  about  70  feet 

Seating  capacity,  43 

Total  weight,  42  tons 

Weight  on  power  truck,  30  tons 

Cylinders,  bore  10^  inches;  stroke,  14  inches 

Total  heating  surface  of  boiler,  465  square  feet 

Grate  area,  10  square  feet 

Capacity  of  water  tank,  550  gallons 

Steam  prfessure,  180  pounds 

Tractive  force,  5292  pounds 

Boiler  has  232  If -inch  tubes 

LANCASHIRE    &    YORKSHIRE   RAILWAY 

20  The  Lancashire  &  Yorkshire  car  is  similar  to  the  Taff  Vale  car 
in  this  respect,  that  the  forward  end  is  pivoted  on  the  power  truck, 
although  it  is  necessary  for  the  underframing  to  project  some  distance 
forward  of  the  car  body  to  reach  the  pivotal  point,  owing  to  the  fact 
that  the  driver's  cab  extends  somewhat  to  the  rear  of  the  rear  axle  of 
the  power  truck. 

21  The  boiler  is  of  the  usual  locomotive  type  with  horizontal  fire 
tubes.  This  engine  is  practically  a  small  locomotive  with  drivers 
coupled. 

Heating  surface: 

199  fire  tubes  1|  inch  outside  diam.,  area 455  square  feet 

Fire  box  area 54  square  feet 

Total 509  square  feet 

Grate  area 9.4  square  feet 

Water  capacity 550  gallons 

Boiler  pressure 180  pounds 

Coal 1  ton 

Two  cylinders,  bore  12  inches,  stroke  16  inches 

NORTH-EASTERN   RAILWAY 

22  About  three  years  ago,  the  North-Eastern  Railway  of  England 
put  into  service  two  "petrol-electric"  cars  on  a  short  line  running  out 
from  Scarborough.  Owing  to  the  fact  that  traffic  on  this  line  is 
heavy  during  the  summer  season  only,  these  cars  are  laid  up  during 
the  winter,  and  have  therefore  not  been  in  continuous  service.  One 
gallon  of  gasolene  to  3^  car  miles  is  claimed  for  them,  but  the  main- 
tenance charges  must  necessarily  be  high. 
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FIG.  2     GREAT  WESTERN  BOILER 
Heating  surface: 

420 — \\  in.  fire  tubes — area  613  sq.  ft. 
Firebox,  46  sci.  f(. 
Total,  659  sq.  ft. 
Grate  area,  1L54  sq.  ff. 
Steam  pressure,  160  lb?. 
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23  The  power  plant  consists  of  a  4-cylinder  horizontal  opposed 
Wolsley  engine,  8i  in,  by  10  in.,  85  b.  h.  p.  at  420  r.  p.  m.,  direct  con- 
nected to  a  compound  wound,  separately  excited  generator,  of  55 
kilowatt  capacity,  which  furnishes  current  to  two  50  horse  power 
electric  motors,  of  the  ordinary  railway  type,  on  the  leading  truck. 

24  The  exciter  of  3.75  kilowatt  capacity  is  mounted  above  the 
main  generator,  and  driven  by  a  belt  from  the  flywheel  of  the  engine. 
In  addition  to  exciting  the  fields  of  the  generator,  it  is  used  to  charge 
a  storage  battery  which  supphes  current  for  lighting  the  car,  starting 
the  generator  and  gasolene  engine,  and  for  a  small  automatic  com- 
pressor motor,  which  supplies  air  for  the  whistle.  The  battery  and 
the  compressor  outfit  are  suspended  beneath  the  car  body.  The 
engine  and  main  generator  are  very  cumbersome  and  heavy,  and 
occupy  practically  one-third  of  the  total  length  of  the  car.  The  total 
weight,  including  60  gallons  of  gasolene  and  about  100  gallons  of  cool- 
ing water,  is  35  tons,  of  which  22  tons  are  carried  on  the  power  truck, 

25  Radiating  pipes  located  above  the  engine  room,  and  supphed 
with  air  by  a  horizontal  fan,  in  addition  to  that  due  to  the  motion  of 
the  car,  serve  to  cool  the  jacket  water.  For  extremely  warm  weather, 
an  additional  coil  extending  along  the  roof  is  provided  and  pipes  are 
also  arranged  inside  the  car  to  be  used  for  heating  in  cold  weather. 
Electric  brakes  are  used,  the  current  being  supplied  by  the  motors 
acting  as  generators. 

26  Controlling  apparatus  is  provided  at  both  ends  of  the  car,  and 
only  two  men  are  required  to  operate — motorman  and  guard.  The 
wages  paid  are  about  7  and  6  shillings  per  day,  respectively. 

27  The  complication  of  this  system,  the  multiplicity  of  parts,  and 
the  excessive  weight  give  a  rather  unfavorable  impression.  The  com- 
bined efficiencies  of  the  generator  and  motors  must  of  necessity  be 
low,  and  their  use  can  only  be  reconciled  with  the  extreme  flexibility 
of  transmission  necessitated  by  a  large  unwieldly  gasolene  motor.  As 
this  particular  type  of  car  has  not  been  perpetuated  by  the  orginal 
builders  and  users,  it  may  be  safe  to  assume  that  it  is  not  entirely  sat- 
isfactory. It  is  the  author's  opinion  that  its  indifferent  success  isdue 
to  the  enormous  size  and  weight  of  the  power  plant  throughout,  as  a 
number  of  cars  embodying  practically  the  same  principles,  but  of 
much  lighter  construction,  have  been  in  successful  operation  in  Hun- 
gary during  the  past  three  years. 

FRENCH    RAILWAYS 

28  Numerous   experiments   have   been   made   on   the   different 
rench  railways,  including  the  Paris-Orleans;   Paris,  Lyons  &  Medi 
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terranean;  Northern;  Western  and  the  State  railways,  with  various 
types  of  cars,  but  the  most  successful  at  the  present  time,  and  the 
one  being  almost  universally  adopted,  is  that  of  Purrey,  of  Bordeaux, 
and  although  differing  in  minor  structural  details,  the  power  plants  of 
the  Purrey  cars  as  built  b}^  the  different  railtN^ays  are  practically  the 
same.  There  is  also  a  slight  variation  in  the  size,  weight,  and  arrange- 
ment of  cars  tc  meet  best  the  requirements  of  the  different  roads,  but 
that  of  the  Paris-Orleans  Railway  is  fairly  representative  of  all  the 
cars  used  in  France. 

PURREY    CAR    (PARIS-ORLEANS   RAILWAY) 

29  The  car  body  has  a  total  length  of  about  60  feet,  and  seats  30 
third-class  passengers  in  three  compartments,  and  25  first-class  pas- 
sengers in  2J  compartments.  In  addition  to  this,  there  is  a  baggage 
compartment  at  the  forward  end  11  feet  6  inches  long  and  extending 
the  entire  width  of  the  car,  112  inches.  The  forward  end  is  pivoted  on 
a  power  truck,  the  rear  end  being  carried  upon  a  single  axle.  The 
power  truck,  which  carries  the  boiler,  motor,  fuel,  water,  etc.,  has  two 
axles  126  inches  apart,  the  rear  wheels  only  being  used  for  driving. 
The  weight  of  this  truck  is  14^  tons,  of  which  about  7  tons  is  on  the 
rear  axle.  The  total  weight  of  the  car  complete  is  in  the  neighbor- 
hood of  35  tons. 

BOILER 

30  The  Purrey  boiler  is  tubular,  its  general  construction  being 
illustrated  by  Fig.  3a  and  3b.  Two  drums  are  provided,  the  lower  one 
of  rectangular  section  and  made  of  cast  steel,  the  upper,  cylindrical  and 
of  cast  iron.  The  lower  drum  is  divided  into  three  compartments,  two 
of  which  are  provided  for  water,  the  third  for  superheated  steam. 
The  outer  and  lower  compartment  is  connected  with  the  upper  drum 
by  two  large  return  pipes.  It  is  also  connected  with  the  intermedi- 
ate compartment  of  the  same  drum  by  41  U  shaped  tubes.  The  feed 
water  entering  the  lower  compartment  is  thus  heated  in  passing 
through  these  tubes,  which  are  in  direct  contact  with  the  flame. 
From  this  point,  the  water  rises  through  a  series  of  U  shaped  tubes 
to  the  upper  drum,  and  the  steam  thus  formed  is  returned  from  the 
upper  drum,  in  which  the  water  level  is  maintained  at  about  the 
median  Hne,  through  a  number  of  similar  tubes  to  the  third  compart- 
ment of  the  lower  drum,  from  which  it  is  taken  to  the  motor.  The 
steam  is  highly  superheated  in  these  tubes,  the  average  temperature 
of  superheat  being  from  750  to  900  deg.  fahr.  At  first,  considerable 
trouble  was  experienced  with  the  burning  out  of  the  superheater 
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FIG .  3a    PURREY  BOILER 

Total  capacity,  118  gallons. 

Steam  pressure,  284  lb.  per  sq.  in. 

Niunber  of  short  water  tubes,  41. 

Number  of  long  water  tubes,  29. 

Number  of  superheater  tubes,  12. 

Inside  and  outside  diameter  of  tubes,  26  by  30  mm.  (1  in.  by  l^g  in.) 

Inside  and  outside  diameter  of  lower  end  of  superheater   tubes,   22   by  30   mm    (i  in   by 

H  in.) 
Total  heating  surface  255,  sq.  ft. 
Superheater  surface,  80  sq.  ft. 
Grate  area,  11.62  sq.  ft. 
Outside  diameter  of  upper  drum,  20  in. 
Total  length  of  upper  drum,  56  in. 
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FIG.  3b    PURREY  BOILER 
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tubes  in  the  lower  coils  which  were  in  the  most  direct  contact  with  the 
flame.  This  difficulty  was  overcome  by  eliminating  two  coils  and 
increasing  the  thickness  of  the  tubes  at  that  point.  Originally  all 
tubes  were  2  mm.  thick,  but  those  referred  to  were  increased  to  3  mm, 

31  An  inclined  grate  is  provided,  and  the  fuel  (coke)  feeds  from 
the  bunker  attached  to  the  side  of  the  boiler,  automatically,  or  prac- 
tically so,  the  only  attention  necessary  on  the  part  of  the  driver  being 
to  regulate  the  supply  by  means  of  a  vertical  sliding  door,  operated  by 
a  lever,  at  the  point  where  the  bunker  communicates  with  the  furnace. 
Where  price  is  not  prohibitive,  kerosene  might  be  used  to  advantage, 
and  would  permit  more  perfect  control  of  fire,  and  thus  avoid  burning 
out  tubes. 

32  An  arrangement  is  provided  for  automatically  maintaining  a 
constant  water  level,  consisting  of  a  float  inside  the  upper  drum  con- 
nected through  a  stuffing  box  to  a  valve  in  the  steam  line  running  to 
the  feed  pump,  the  idea  being  that  as  the  level  of  the  water  is  lowered, 
the  steam  valve  opens  and  the  pump  supplies  water  until  the  level  has 
reached  that  point  at  which  the  float  closes  the  steam  valve.  This  was 
found  to  be  very  unsatisfactory  as  the  stuffing  box,  if  made  tight 
enough  to  prevent  leakage,  created  so  much  friction  that  the 
apparatus  would  not  work.  It  was  therefore  necessary  to  depend 
upon  the  driver  to  maintain  a  correct  water  level,  Blake  double  acting 
feed  pumps  being  provided  for  this  purpose. 

MOTOR 

33  The  motor  is  4-cylinder  tandem  compound,  high  pressure  6  ^ 
inches  diameter,  low  pressure  8  ]^  inches  diameter,  and  the  stroke  8| 
inches,  rated  at  260  horse  power  at  650  revolutions  per  minute.  A  by- 
pass valve  is  provided  to  admit  high  pressure  steam  to  the  low  pres- 
sure cylinders  for  quick  acceleration  and  unusually  heavy  pulling. 
Ordinary  D  type  valves  are  used,  operated  through  Stephenson  link 
motion. 

34  In  this  design,  the  motor  is  attached  horizontally  to  the  frame 
of  the  car,  and  its  power  transmitted  to  the  rear  axle  by  two  toothed 
chains  of  special  construction,  similar  to  the  Renold  and  Morse  silent 
type.  All  the  working  parts  are  enclosed  in  a  dust  proof  case,  and 
lubricated  principally  by  splash.  The  motor  is  accessible  through  a 
trap  door  in  the  floor  of  the  baggage  compartment,  and  any  ordinary 
adjustments  can  be  made  from  this  point.  A  door  is  also  provided 
opening  into  the  baggage  compartment  through  which  the  boiler 
tubes  may  be  inspected,  thus  rendering  the  most  delicate  parts  of  the 
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mechanism  readily  accessible.  Should  it  be  necessary  to  overhaul 
the  boiler  or  motor,  the  power  truck  may  be  removed  from  the  body 
of  the  car  in  20  minutes  and  another  substituted  in  its  place.  West- 
inghouse  air  brakes  and  hand  brakes  are  used.  Steam  whistle  is 
provided. 

35  The  Paris-Orleans  road  have  10  cars  and  12  power  trucks,  and 
have  been  able  to  keep  the  10  cars  in  service  practically  all  the  time  by 
having  the  two  extra  trucks  in  reserve.  Replacing  boiler  tubes  is  a 
comparatively  simple  matter.  By  removing  plugs  in  the  two  drums 
on  the  opposite  sides  from  where  the  tubes  enter,  the  tubes  are  accessi- 
ble either  for  driving  out  or  expanding. 

36  As  a  rule,  one  or  two  trailers  are  attached  to  these  motor  cars, 
the  average  weight  of  the  train  being  50  tons.  The  fuel  consumption 
for  such  a  train  is  about  21  pounds  of  coke  per  mile. 

37  This  car  is  arranged  to  run  in  one  direction  only,  except  for 
backing  up,  and  the  crew  consists  of  onty  the  driver  and  one  man  in 
the  baggage  compartment,  tickets  being  taken  at  the  stations  by 
inspectors.  It  is  geared  rather  high,  and  is  capable  of  running  at  a 
speed  of  about  fifty-six  miles  per  hour.  Its  acceleration,  however, 
is  not  so  good  as  that  of  the  Great  Western  car, 

38  The  Orleans  road  has  instituted  a  motor  car  service  between 
Bourges  and  Saincaize,  a  distance  of  59  kilometers  (37  miles),  the  run 
being  made  in  70  minutes,  including  eight  stops.  Sufficient  fuel  and 
water  capacity  are  provided  for  a  run  of  50  kilometers.  The  cost  of 
operation  per  train  mile  is  about  7  cents,  itemized  as  follows,  train 
weighing  approximately  50  tons: 

Fuel  (coke) $0.0355 

Kindling  wood 0 .  0013 

on 0.0022 

Water    0.0005 

Repairs O'.  004 

Driver's  wages 0 .  0264 

Total 0.0699 

39  This  of  course  does  not  include  the  wages  of  the  guard,  nor  any 
of  the  overhead  expenses.  It  is  probable,  however,  that  the  cost  of 
operation  of  this  car  is  somewhat  less  than  that  of  the  Great  Western. 

40  The  Purrey  system  has  been  used  for  a  number  of  years  on 
different  tramway  lines  in  the  city  of  Paris,  but  for  this  service  it  has 
been  found  that  the  single  expansion  engine  gives  better  results  than 
the  compound,  and  also  that  there  is  no  advantage  in  having  a  vari- 
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able  cut  off,  owing  to  the  frequency  of  the  stops,  the  speed  of  the  motor 
being  controlled  entirely  by  the  throttle  valve. 

ARAD    CSANADAR   RAILWAY    OP   HUNGARY 

41  One  of  the  most  interesting  examples  of  successful  operation 
of  railway  motor  cars  on  a  large  scale  is  that  of  the  Arad  Csanadar 
Railway  of  Hungary. 

42  Three  years  ago  a  Ganz  steam  car  was  put  into  service  on  this 
road  in  an  experimental  way,  and  the  results  were  so  satisfactory 
that  the  management  decided  to  replace  their  locomotive  and  train 
service  for  passenger  and  light  goods  traffic,  with  the  self-propelled 
car,  and  have  gradually  added  to  their  motor  car  equipment  until  now 
they  have  a  total  of  37  cars  of  which  4  are  Ganz  steam  cars  35  horse 
power  of  the  de  Dion  system;  22  are  gasolene-electric  30-35  horse 
power  of  the  de  Dion  Bouton  system,  constructed  by  Johann  Weitzer; 
10  are  gasolene-electric  70  horse  power  of  the  de  Dion  Bouton  system; 
1  is  gasolene  40  horse  power  (German  Daimler.) 

43  The  total  length  of  this  railway  is  about  400  kilometers,  single 
track,  running  for  the  most  part  through  a  sparsely  populated  agri- 
cultural district  where  conditions  are  conducive  to  economical  opera- 
tion, as  the  average  Hungarian  peasant  is  not  very  fastidious  nor 
exacting  in  the  matter  of  luxuriously  furnished  cars  or  rapid  trans- 
portation. Their  cars  are  of  very  light  construction,  and  being  run  at 
low  speed,  require  small  power  plants  in  which  the  fuel  consumption 
is  comparatively  low.  Only  the  heavy  freight  traffic  is  handled  by 
steam  locomotives,  and  in  1906  the  motor  cars  covered  a  total  of 
about  1  000  000  miles,  in  most  cases  hauling  from  one  to  four 
trailers. 

44  The  improved  service  offered  by  the  motor  car  has  stimulated 
traffic  in  that  section  to  such  an  extent,  that  within  the  past  two  years 
it  has  doubled.  One  of  the  most  remarkable  features  in  connection 
with  the  success  of  this  railway  is  the  extremely  low  fares,  which 
average  about  |  cent  per  mile,  and  yet  the  road  pays  about  8^  per 
cent  on  the  investment  of  $6,500,000,  after  paying  19  per  cent  of  the 
total  receipts  to  the  government  as  a  tax.  The  compar#ive  cost  of 
operation  of  the  different  cars  owned  by  this  road  are  given  in  the 
following  table,  which  represents  an  average  for  1906.  No  data  were 
obtainable  on  the  Daimler  gasolene  car. 
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Total  la- 

Mainte- 
nance, 

Type  of 

Fuel  per  train  mile 

Fuel 

Oil 

Sundries 

Labor 

bor  and 

labor 

Total  cost 

car 

material 

and  ma- 
terial 

Ganz  35 

h.p. 

Coke  9.6  lb. 

0.034  0.0084 

0.00058 

0.0192 

0.06218 

0.0128 

$0.0749 

Gas.-elec. 

Gasolene  at  10c  gal. 

70  h.  p. 

2.11  lbs. 

0.034  0.0066 

0.00064 

0.0144 

0.05564 

0.017 

0.0726 

Gas.-elec. 

Gasolene  at  10c  gal. 

35  h.  p. 

1.61  lb. 

0.G26iO.O028 

0.00074 

0.0115 

0.04104 

0.0163 

0.0573 

GASOLENE  ELECTRIC  CAR  (wEITZER) 

45  Fig.  4  illustrates  the  general  arrangement  of  one  of  the  larger 
gasolene  electric  cars  used  by  this  railway.  It  is  equipped  with  a  70 
horse  power  gasolene  motor  direct  connected  to  a  45  kilowatt  gene- 
rator, which  supplies  current  to  two  ordinary  railway  type  motors 
attached  to  the  two  axles.  The  usual  series  parallel  controller  is 
provided  for  starting.  After  the  car  is  once  under  way,  its  speed  is 
almost  entirely  controlled  by  the  throttle  of  the  gas  engine.  At  the 
right  of  the  electric  controller  are  two  smaller  levers,  one  of  which 
connects  with  the  throttle,  and  the  other  with  the  spark  advance 
mechanism.  In  addition  to  these,  there  is  a  small  rheostat  provided 
within  easy  reach  of  the  operator,  which  serves  to  vary  the  field 
strength  of  the  generator,  and  thus  gives  an  additional  means  for  con- 
trolling the  car  during  the  acceleration  period.  Controlling  apparatus 
is  provided  at  only  one  end  of  the  car,  as  it  is  intended  to  run  in  only 
one  direction  except  for  shunting.  Bocker  air  brakes  and  hand 
brakes  are  provided,  air  being  supplied  by  a  small  compressor  driven 
from  the  outer  end  of  the  armature  shaft.  An  air  whistle  is  used. 
Acetylene  gas  is  used  for  lighting.  Coils  are  provided  along  the  sides 
of  the  car  body  for  heating,  the  jacket  water  from  the  motor  being 
used  for  this  purpose.  In  warm  weather  the  jacket  water  is  passed 
through  a  coil  of  tubes  on  the  roof  at  the  forward  end  where  it  is 
exposed  to  the  air. 

46  The  space  occupied  by  the  power  plant  is  considerably  less  in 
proportion  to  the  length  of  the  car  than  that  of  the  Great  Eastern, 
although  the  systems  are  practically  identical  in  principle.  Its 
acceleration  is  very  good  indeed,  and  its  maximum  speed  is  about 
35  miles  per  hour  without  trailer,  and  with  two  trailers  about  25  miles 
per  hour.  More  than  two  trailers  are  never  used  with  the  70  horse 
power  car,  as  it  is  used  for  express  service,  but  the  smaller  cars 
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FIG.  5    35  HORSE  POWER  GANZ  BOILER 

702  Steel  tubes,  25  mm.  o.d.,  21  mm.  i.  d. 

Heating  surfaces:     Water,  62  sq.  ft.;  steam,  29  sq.  ft.;   total,  91. 

Grate  area,  3i  sq.  feet. 

Steam  pressure  280  lb  per  sq.  inch., 

Fuel,  charcoal  or  coke. 
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equipped  with  35  horse  power  motors  which  run  very  much  slower, 
frequently  haul  as  many  as  four  trailers.  It  is  claimed  by  the  engi- 
neers of  this  road  that  65  per  cent  of  the  motor's  power  is  dehvered  at 
the  wheels.  In  general  very  satisfactory  results  are  obtained  and  the 
car  is  admirably  adapted  to  their  conditions. 

GANZ    CAR 

47  The  Ganz  cars  are  manufactured  in  3  sizes,  35,  50  and  80  horse 
power.  The  general  arrangement  is  the  same  in  all  three,  the  boiler 
being  placed  in  a  compartment  at  the  forward  end  of  the  car,  together 
with  fuel  bunker,  feed  pumps,  and  controlling  apparatus.  The  motor 
is  placed  horizontally  on  the  leading  truck,  and  drives  the  rear  axle 
through  spur  gears.  It  is  supported  in  the  usual  electric  railway 
motor  style,  one  end  being  swiveled  about  the  axle,  and  the  other 
supported  elastically  from  the  truck  frame.  Control  is  provided  at  only 
one  end,  and  only  one  man  is  required  to  operate  the  car.  The  35  horse 
power  car  has  a  seating  capacity  of  22  first-class  and  12  second  class 
passengers.  Its  over  all  length  is  about  35  feet.  A  speed  of  35  miles 
per  hour  is  claimed  for  this  car  with  a  fuel  consumption  of  5.3  to  7.2 
pounds  of  coke  per  mile.  The  same  consumption  is  claimed  with 
trailers  weighing  from  35  to  40  tons  at  a  speed  of  12^  miles  per  hour. 
All  cars  manufactured  bj^  this  compan}^  are  fitted  with  both  hand 
and  air  brakes,  Bocker  and  Westinghouse  being  used.  They  are 
steam  heated  and  provided  with  steam  whistles. 

35  H.  p.  BOILER 

48  The  Ganz  or  de  Dion  boiler  consists  of  four  concentric  cylinders 
with  headers  which  are  held  in  place  by  bolts,  forming  two  annular 
water  spaces  joined  together  by  means  of  slightly  inclined  steel  water 
tubes,  25  mm.  outside  diameter  and  2  mm.  thick.  Within  the  inner 
cylinder  is  another  cylinder  of  slightly  smaller  diameter  through 
which  the  fuel  is  fed  to  the  grate  below,  the  flame  and  hot  gases 
passing  around  the  water  tubes  to  the  chimney.  It  is  claimed  that 
these  boilers  are  very  easy  to  dissemble  and  clean  because  of  the 
removable  heads,  although  the  replacing  of  gaskets  is  a  rather 
troublesome  matter.  As  a  rule  they  require  cleaning  once  every 
four  or  five  months. 

MOTOR 

49  Ganz  motors  are  two  cylinder  cross  compound,  the  one  used 
with  the  35  horsepower  boiler  having  cylinder  diameters  of  4^  inches 
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and  61i  inches  and  common  stroke  of  4f  inches.     Two  steam  operated 
feed  pumps  are  provided,  one  being  held  in  reserve. 

50  The  80  horse  power  car  has  a  total  length  of  46  feet,  seats  47 
passengers,  weighs  23  tons,  and  is  capable  of  climbing  a  1.6  per  cent 
grade,  with  two  trailers  weighing  12  tons  each,  at  a  speed  of  25  miles 
per  hour.  One  peculiar  feature  of  the  Ganz  system  is  the  double  gear 
reduction  between  the  motor  and  the  axle.  Two  spur  gears  are 
mounted  loose  on  the  crank  shaft  between  the  two  cranks  and  meshing 
with  gears  keyed  to  the  axle.  A  jaw  clutch  positively  driven  is  pro- 
vided between  the  driving  gears,  and  so  arranged  as  to  engage  either 
one  or  the  other  when  moved  along  the  shaft.  The  ratio  of  reduction 
is  about  2  to  1 .  As  a  rule,  the  low  gear  is  used  when  the  trailers  are 
attached  and  for  heavy  grades. 

51  Ganz  cars  are  used  rather  extensively  in  central  Europe,  al- 
though in  certain  locaUties  their  boilers  have  not  been  entirely  satis- 
factory because  of  the  frequent  cleaning  necessary,  due  chiefly  to 
impure  water.  Both  steam  and  water  space  are  somewhat  limited 
and  rather  close  attention  on  the  part  of  the  operator  is  required  to 
keep  the  water  level  at  the  correct  point. 

52  The  Hungarian  State  railways  tried  the  Ganz  car,  but  their 
experience  was  not  entirely  satisfactory  for  the  reason  that  the  qual- 
ity of  water  available  necessitated  frequent  cleaning  of  the  boiler, 

SERPOLLET   CAR 

53  The  Serpollet  system  differs  from  the  Purrey  and  Ganz  types 
chiefly  in  that  the  boiler  is  of  the  flash  type,  and  kerosene  is  generally 
used  as  fuel.  A  very  high  degree  of  superheat  is  obtained,  reaching 
even  1200  deg.  fahr.  which,  together  with  the  incrustation  attending 
the  use  of  more  or  less  impure  water  is  conducive  to  the  burning  of 
tubes.  The  experience  of  the  Paris,  Lyons  &  Mediterranean  Railway 
with  this  type  of  car  has  been  rather  unsatisfactory,  because  of  tube 
troubles,  and  the  Purrey  car  is  now  being  adopted  in  its  place. 

KOMAREK   CAR 

54  The  Komarek  car,  manufactured  by  F.  X.  Komarek,  Vienna, 
and  used  to  some  extent  by  the  Austrian  State  railway  and  several  of 
its  branches,  is  one  of  the  most  rational  in  design  of  all  in  use  abroad. 
Its  builders  may  have  erred  slightly  on  the  side  of  weight,  but  it  shows 
remarkable  economy  and  unusual  freedom  from  repairs  and  troubles 
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of  all  kinds.     Although  built  in  several  sizes  and  many  forms,  the 
following  type  may  be  considered  as  representative : 

Car  body,  total  length,  51  feet 

Seating  capacity,  35 

Baggage  room,  44  inches  by  96  inches 

Length  of  boiler  and  fuel  compartment,  10  feet 

Weight  empty,  20  tons 

Coal  capacity,  1100  pounds 

Water  capacity,  420  gallons 

Motor,  2  cylinder  cross  compound,  outside  cylinders 

Cylinder  diameters  10  inches  and  15  inches.     Stroke,  16  inches 

55  Steam  feed  pumps  of  standard  pattern  are  used,  and  a  locomo- 
tive air  pump  is  provided  for  supplying  the  brakes.  Hand  brakes  are 
supplied  as  well.  The  cars  are  steam  heated  and  lighted  with  acety- 
lene. A  steam  whistle  is  provided.  This  car  is  capable  of  running  at 
a  speed  of  25  miles  per  hour  on  a  level  while  hauling  trailers  compris- 
ing a  total  of  50  tons.  The  operating  cost  is  said  to  be  about  5  cents 
per  train  mile,  exclusive  of  the  guard's  pay,  with  coal  costing  $3.25 
per  ton. 

COST  OF  OPERATION  PER  MILE  OF  KOMAREK  TRAIN  OF  50  TONS 

Coal $0.0253 

Oil 0.0014 

Maintenance: 

Labor 0 .  0046 

Material 0.0011 

Driver 0.016 

Total 0.0484 

56  In  general,  the  arrangement  of  the  four  axle  car  is  similar  to  the 
Purrey  with  the  forward  end  of  the  body  supported  on  the  power 
truck.  Other  types  with  two  and  three  axles  have  the  boiler  in  a 
compartment  at  the  forward  end  of  the  car  body,  supported  by  the 
main  body  frame.  The  motor  is  practically  a  small  cross  compound 
locomotive  with  outside  cylinders,  driving  on  one  pair  of  wheels  only. 
A  vertical  water  tube  boiler  of  special  construction,  shown  in  Fig.  6,  is 
used.  To  provide  for  expansion,  the  inner  shell  is  corrugated,  and 
the  tubes  are  accessible  for  cleaning  and  renewal  through  plugs  and 
manholes  in  the  outer  shell.  A  superheater  coil  is  placed  in  the  upper 
part  of  the  furnace,  and  heated  by  the  exhaust  gases,  the  degree  of 
superheat  averaging  about  300  deg.  fahr.  This  car  is  arranged  to 
run  in  both  directions,  and  when  running  backward,  the  guard  re- 
mains on  the  rear  platform  and  signals  the  driver  at  the  other  end  by 


FIG.  6     100  HORSE  POWER  KOMAREK  BOILER 

Heating  surface,  215  sq.  ft. 
Superheater  surface,  32  sq.  ft- 
Total  heating  surface,  247  sq.  ft. 
Grate  area,  7  sq.  ft. 
Steam  pressure,  21011b. 
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means  of  a  modified  system  of  ship  signals.  Air  and  hand  brake  con- 
trol, and  also  means  for  closing  the  throttle,  are  provided  on  the  rear 
platform  so  that  the  guard  may  stop  the  car  independently  of  the 
driver. 

GERMAN    DAIMLER    GASOLENE    CAR 

57  This  type  of  car  has  been  used  in  considerable  quantities  on 
some  of  the  smaller  German  railways,  notably  the  Wiirttemberg  State 
Railway  and  on  the  Swiss  Federal  Railway.  It  is  a  comparatively- 
small  car  having  a  total  length  of  33  feet  with  a  seating  capacity  of  36. 
It  is  equipped  with  a  30  horse  power  Daimler  four  cylinder  (5J  in. 
by  6 1  in.)  engine  of  the  heavy  slow  speed  type,  its  normal  speed  being 
in  the  neighborhood  of  550  revolutions  per  minute.  The  motor  is 
located  practically  in  the  middle  of  the  car,  projecting  upward 
through  the  floor  to  a  considerable  height,  and  enclosed  by  a  wooden 
box.  It  is  rigidly  attached  to  a  sub-frame,  on  which  the  car  body  is 
supported  by  eight  elliptic  springs,  the  sub-frame  being  carried  rigidly 
on  the  tw^o  axles.  Power  is  transmitted  from  the  motor  through  a 
leather  faced  cone  friction  clutch,  and  through  a  sliding  gear  trans- 
mission, arranged  to  give  four  speeds  and  reverse,  to  one  of  the  axles. 
Control  levers  are  provided  at  either  end  of  the  car,  by  means  of 
which  the  speed  of  the  motor  may  be  controlled,  gear  changes  made, 
and  also  the  direction  of  motion  reversed.  When  the  driver  leaves 
one  platform  to  go  to  the  other,  the  gear  levers  are  locked  in  a  neutral 
position.  Their  connections  to  the  gear  case  then  serve  as  fulcrums 
for  the  operating  levers  and  their  connections  at  the  other  end  of  the 
car.  The  transmission  is  extremely  heavy  and  the  gears  somewhat 
difficult  to  shift.  They  are  not  entirely  protected  from  dust  and 
therefore  subject  to  rapid  wear.  The  cone  clutch  requires  consid- 
erable attention  to  secure  smooth  operation.  If  neglected,  it  takes 
hold  with  such  brusqueness  that  jerking  of  the  car  results,  to  the 
extreme  discomfort  of  the  passengers.  One  of  these  cars  has  been 
in  service  on  the  Arad  Csanadar  Railway  but  has  been  practically 
abandoned  because  of  the  clutch  and  gear  troubles. 

ENGLISH    DAIMLER   CAR 

58  Several  years  ago  the  Daimler  Motor  Company,  of  Coventry, 
England,  built  a  number  of  small  railway  cars  of  the  straight  gasolene 
type,  equipped  with  two  30  horse  power  motors  carried  on  a  sub- 
frame  between  the  axles.  They  w^ere  placed  at  diagonally  opposite 
corners  of  the  frame,  and  a  sliding  gear  transmission  provided,  cen- 
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trally  located  and  so  arranged  that  either  or  both  motors  could  drive 
through  it,  and  thence  through  bevel  gearing  to  the  two  axles. 
These  cars  have  not  been  satisfactory  because  of  clutch  and  gear 
troubles,  and  because  they  were  rather  expensive  to  operate,  the  fuel 
cost  being  high. 

59  The  usual  friction  clutches  interposed  between  the  motors  and 
transmission  permitted  the  use  of  either  one  of  the  motors  independ- 
ently of  the  other,  a  feature  which  may  possess  merit  in  minimizing 
fuel  consumption,  and  in  being  able  to  proceed  with  one  motor  if 
the  other  for  an}'  reason  becomes  inoperative. 

60,  Two  axle  cars,  such  as  the  German  and  English  Daimler,  are 
not  applicable  to  all  kinds  of  service  because  of  the  long  wheel  base, 
which  is  15  feet  9  inches  in  the  case  of  the  former,  and  15  feet  in  the 
latter. 

CONCLUSION 

61  The  author's  impressions  of  the  railway  motor  car  situation 
abroad,  gained  from  personal  observation  of  the  leading  types  herein 
described  in  operation,  and  from  personal  interviews  with  railway 
officials  and  others  more  or  less  directly  interested,  may  be  summed 
up  as  follows: 

62  The  field  of  the  railway  motor  car  is  very  broad  indeed.  It  has 
always  demonstrated  its  superiorit}'  over  the  ordinary  steam  train, 
in  making  possible  more  frequent  service  at  lower  operating  cost,  as  a 
feeder  to  express  trains,  on  branch  and  main  lines,  in  either  very 
thickly  or  very  sparsely  populated  districts.  It  has  successfuly  com- 
peted with  electric  cars  of  both  trolley  and  storage  battery  types,  in 
suburban  and  interurban  service.  In  the  case  of  the  Arad  Csanadar 
Railway,  it  has  replaced  steam  trains  on  the  entire  system  except  for 
heavy  freight.  Further  refinement  which  will  extend  its  field  of 
usefulness  is  possible  and  may  be  expected. 

63  Steam  as  a  motive  power  in  cars  of  80  horse  power  or  over 
possesses  the  greatest  number  of  advantages,  among  which  may  be 
named  flexibility,  reliability  and  economical  operation.  First  cost  is 
also  in  favor  of  the  steam  car,  and  likewise  to  a  slight  extent  main- 
tenance charges. 

64  For  cars  of  less  than  80  horse  power  the  internal  combustion 
motor  shows  lower  fuel  cost  than  the  steam  car  of  like  power. 

65  Present  well  known  forms  of  gear  transmission  with  friction 
clutches  which  are  entirel}'  successful  on  gasolene  automobiles  are 
not  suitable  for  heavy  cars  because  of  their  inelasticity  and  the  enor- 
mous difference  in  inertia  of  weights  dealt  with. 
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66     Electric  transmission  possesses  the  required  flexibility   and 
seems  best  adapted  for  the  purpose. 
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DISCUSSION 

Prof.  W.  F.  M.  Goss  The  best  machine  is  not  always  the  hghtest, 
and  from  such  study  as  I  have  been  able  to  give  the  motor  car  problem, 
I  am  convinced  that  for  general  service,  even  in  light  traffic,  the 
motor  car  must  eventually  be  coal  fired.  A  motor  car  which  is  coal 
fired  is  bound  to  be  confined  to  second  class  service.  A  single  car 
which  contains  an  engine,  boiler,  a  supply  of  coal,  and  through  which 
the  trainmen,  with  soiled  hands  and  clothing  must  be  constantly  pass- 
ing, cannot  be  kept  up  to  a  satisfactory  standard  for  high  class  service. 
Again  whether  employed  in  single  units  or  made  of  sufficient  power 
to  handle  trains.  It  does  not  appear  that  there  is  any  material  advan- 
tage either  in  cost  of  maintenance  or  cost  of  operating  compared 
with  that  of  a  suitable  locomotive  drawing  one  or  more  cars.  By 
suitable  locomotive,  I  mean  a  steam  locomotive  of  only  sufficient 
power  to  do  the  service  required.  I  believe  that  in  reaching  out 
for  motor  car  service  we  are  influenced  a  great  deal  by  the  success 
of  the  electric  car  and  in  so  far  as  this  may  be  the  case,  it  will  be  well 
to  remember  that  when  we  attempt  to  perform  the  service  of  an 
electric  road  by  means  of  motor  cars,  difficulties  are  likely  to  appear. 
The  service  to  which  motor  cars  may  be  successfully  applied  is,  in 
fact,  very  limited. 

Harrington  Emerson  For  repairs  an  engine  must  go  frequently 
to  the  machine  shop,  a  coach  to  the  coach  shop.  The  machine  shop 
is  no  place  for  a  coach,  the  coach  shop  no  place  for  an  engine.  A 
detached  engine  is  therefore  advisable. 

2  All  railroads  are  accustomed  to  steam  troubles  and  have  a 
skilled  force  competent  to  cope  with  them.  An}^  radical  departure 
in  the  type  of  engine  or  even  in  design  will  entail  a  great  increase  of 
repair  expense.  Therefore,  a  steam  engine  is  preferable  to  any 
form  of  gasolene  engine. 

3  Gasolene  is  in  any  case  out  of  the  question  for  general  railroad 
use,  because  its  price  is  very  high  and  constantly  rising  and  the 
supply  insufficient.  It  is  one  thing  to  use  gasolene  for  a  few  hours 
a  week  in  the  engine  of  a  10  to  30  h.p.  pleasure  car  and  quite  another 
to  use  it  on  a  regular  train  running  ten  hours  a  day,  with  a  200  h.p. 
engine. 

4  The  boiler,  whether  of  the  squat  vertical  type  or  of  the  usual 
locomotive  type,  should  be  fired  with  fuel  oil.  The  remarkable 
results  recently  demonstrated  on  the  largest  freight  locomotives 
weighing    235,000  lb.  on  drivers,  in  use  on  the  A.  T.  &  St.  F.   Ry., 
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equipped  with  the  Neely  system  of  burning  oil,  show  that  not  only 
is  oil  consumption  reduced  but  repairs  as  well  as  flue  and  firebox 
troubles  can  be  made  less  than  on  standard  coal  burners  of  similar 
types.     The  oil  is  of  course  more  convenient,  as  well  as  cheaper. 

5  It  is  difficult  to  understand  why  the  New  York  Elevated 
Railroad  type  of  tank  engine,  redesigned  for  oil  burning,  should  not 
solve  the  experimental  part  of  the  problem  of  railway  motor  cars  until 
the  greater  problems  of  need  and  cost  of  this  kind  of  service  have 
been  worked  out. 

William  Forsyth  The  article  by  Mr.  Gray  is  especially  valuable 
in  that  it  gives  the  details  of  European  practice. 

2  The  writer  agrees  with  Mr.  Emerson  that  it  is  not  desirable  to 
combine  the  engine  with  the  coach  on  account  of  the  repairs  to  the 
engine  which  must  be  made  in  the  locomotive  repair  shop,  where  the 
coach  is  very  liable  to  be  injured. 

3  A  great  many  locomotive  engineers  have  come  to  the  conclu- 
sion that  a  small  locomotive,  to  which  a  coach  suitable  for  the  desired 
purpose  may  be  attached,  is  the  best  for  handling  light  traffic.  In 
England  and  Germany  the  locomotive  builders  build  small  loco- 
tives  for  this  purpose,  while  in  this  country  they  use  an  old  engine 
of  the  ordinary  type,  which  has  a  large  tender,  is  heavy,  and  is  not 
economical,  or  suited  to  such  work. 

4  Although  the  writer  holds  that  the  steam  locomotive  is  the  best 
motor,  it  must  be  admitted  that  Mr.  McKeen  of  the  Union  Pacific 
has  been  very  successful  in  developing  the  gasolene  motor.  In 
nine  of  these  cars  which  this  company  has  built  the  motors  are 
working  very  successfully. 

5  In  America  the  whole  subject  is  in  the  process  of  development, 
and  the  writer  believes  it  will  ultimately  be  found  that  in  some 
localities  the  gasolene  or  other  oil  motor  will  be  the  best  adapted, 
but  for  general  use  the  small  steam  locomotives  will  be  the  solu- 
tion of  the  problem. 

Mr.  C.  D.  Young  I  want  to  say  one  word  in  defence  of  the  position 
the  railroads  have  taken  in  the  matter  of  the  slow  introduction  of  the 
motor  car  in  the  United  States.  I  believe  the  Erie  Railway  and 
the  New  England  Railway  were  the  first  companies  in  this  country 
to  introduce  this  type  of  car  for  the  kind  of  service;  these  two  cars 
being  built  about  1897,  the  Erie  car  seating  45  passengers,  whereas 
the  New  England  car  was  somewhat  smaller  and  seated  but  40 
passengers.     The  motive  power  of  the  cars  was  furnished  by  steam 
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engines,  the  steam  being  generated  in  vertical  boilers  burning  coal. 
About  one  3'^ear  later  the  Baldwin  Locomotive  Co.  built  a  few  cars 
for  the  various  railroads,  using  the  Vauclain  type  of  compound 
engine  with  magazine  fed  boiler,  burning  coal.  All  of  these  cars 
failed  in  operation,  due,  principal^,  to  lack  of  steam  capacity  for 
the  service  required  of  these  engines.  Within  the  past  three  years 
the  subject  has  again  been  revived  and  experimental  motor  cars  are, 
or  have  been,  tried  by  such  roads  as  the  Union  Pacific,  Chicago, 
Rock  Island  &  Pacific,  Chicago  Northwestern,  Chicago,  BurUngton 
&  Quincy,  Delaware  &  Hudson,  Lake  Shore  &  Michigan  Southern, 
Delaware,  Lackawanna  &  Western,  and  Erie;  the  results  obtained 
in  the  operation  of  these  cars  have  not  been  very  satisfactory.  I 
believe,  however,  the  most  successful  design  and  that  which  will 
ultimately  prove  a  success  for  this  type  of  car,  will  be  a  water  tube 
boiler  furnishing  steam  for  engines  mounted  on  the  trucks. 

2  I  recently  made  a  report  on  the  subject  of  motor  cars,  and 
I  am  frank  to  confess  that  my  conclusions  were  that  for  trunk  line 
railroads,  with  branch  lines,  the  present  traffic  conditions  would  not 
warrant  a  very  extended  purchase  of  motor  cars  for  several  reasons. 
Most  State  laws  require  that  a  crew  of  at  least  four  men  be  used  on 
a  train  on  any  steam  road;  from  this  it  is' to  be  seen  that  for  a  single 
car,  the  operating  expenses  are  almost  prohibitive.  This  is  not  true 
of  the  street  car  or  interurban  business,  where  but  two  men  to  the 
crew  are  required.  In  order  to  develop  an  interurban  business  on 
a  steam  road,  frequent  service  is  absolutely  essential;  this  too,  is 
almost  impossible  owing  to  insufficient  trackage.  A  service  of  this 
kind  introduced  on  most  steam  roads  today  would  badly  handicap 
moving  the  present  business.  The  carrying  of  gasolene  or  fuel  oil 
on  motor  cars  is  a  constant  source  of  danger,  in  case  of  fire. 

3  As  most  steam  roads  have  a  great  number  of  light  locomotives 
which  are  unfit  for  the  present  heavy  trains,  I  believe  that  in  the 
development  of  frequent  service,  the  best  arrangement  would  be  to 
follow  the  example  of  the  Illinois  Central  Railway  in  handling 
suburban  traffic,  that  is  of  using  their  light  locomotives  and  coaches 
rearranged  and  designed  especially  for  the  service. 

4  Therefore,  I  do  not  beUeve  that  the  self  contained  motor  car 
will  meet  with  any  great  success  on  American  railroads,  but  rather 
when  very  frequent  service  is  desired,  they  will  make  the  step  from 
the  steam  locomotive  to  the  application  of  electricity,  using  electric 
locomotives  on  freight  and  through  passenger  trains  and  motor 
driven  cars  with  multiple  control  for  suburban  service. 


No.    1150 

FLOW  OF  SUPERHEATED  STEAM  IN  PIPES 

By  E.  H.  foster,  NEW  YORK 
Member  of  the  Society 

It  is  somewhat  surprising  that  with  the  great  number  of  installa- 
tions which  have  been  in  practical  operation  there  should  be  so  little 
exact  data  available  as  to  the  flow  of  superheated  steam  in  pipes. 
The  lack  of  this  information  which  is  so  much  sought  after  is  doubt- 
less due  to  the  fact  that  plants  are  usually  constructed  on  a  working 
basis  and  not  for  experiment.  As  an  example,  a  battery  of  boilers 
all  fitted  with  superheaters  will  deliver  steam  into  a  common  header 
or  equalizing  pipe  out  of  which  steam  will  be  taken  at  various  points 
for  the  engines  which  are  being  served  by  the  boilers.  This  usual 
condition  of  power  plant  piping  permits  a  free  exchange  of  surplus 
steam  back  and  forth,  according  to  the  demands,  and  throws  such 
a  cloud  of  uncertainty  over  the  actual  velocities  of  the  steam  in 
the  various  pipes  as  to  thwart  effectually  any  attempt  to  get  a 
correct  accounting  for  the  cause*  of  any  decrease  in  temperature  or 
pressure.  Also,  at  various  plants  the  insulating  covering  differs  per- 
ceptibly both  in  character  and  thickness.  Occasionally,  however, 
a  situation  is  found  where  there  is  a  run  of  pipe  with  a  known  quantity 
of  steam  passing  through  from  which  data  may  be  obtained  to  throw 
light  on  the  laws  governing  the  flow  of  steam.  From  quite  a  large 
number  of  plants  we  have  been  able  to  collect  enough  data  to  indi- 
cate that  the  laws  governing  the  flow  of  superheated  steam  differ 
appreciably  from  those  governing  the  flow  of  saturated  steam.  A 
few  general  conclusions  have  been  reached,  as  follows: 

a  That  the  rate  of  heat  transfer  per  degree  difference  in  tem- 
perature per  square  foot  of  surface  per  hour  increases 
with  the  steam  velocity. 

h  That  this  increase  is  more  rapid  in  small  than  in  large  pipes. 

c  That  the  percentage  loss  in  heat  decreases  with  the  velocity, 
notwithstanding  the  rising  rate  of  heat  transfer. 

Presented  at  the  Indianapolis,  Ind.,  Meeting  (May  1907)  of  The  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of  the 
Transactions. 
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2  A  high  velocity  of  superheated  steam  in  pipes  is  therefore 
recoimneuded,  because  there  is  a  smaller  percentage  of  heat  loss 
and  because  there  is  a  lower  actual  drop  in  steam  temperature. 

3  The  data  at  hand,  while  ample  to  show  that  the  above  con- 
clusions are  true,  have  not  as  yet  been  arranged  sufficiently  in  detail 
to  allow  the  formulation  of  a  general  law.  It  would  be  necessary  to 
have  a  series  of  tests,  conducted  on  a  large  scale,  and  on  different 
sizes  of  pipes  all  covered  in  a  uniform  manner,  in  order  to  establish 
a  fornmla  covering  the  actual  loss  of  temperature  and  pressure  by 
superheated  steam  at  different  velocities. 

4  Our  practice  is  to  recommend  for  steam  pipes  of  straight  runs 
or  easy  bends  a  velocity  of  6000  to  8000  feet  per  minute  where  a  super- 
heat of  from  100  to  200  deg.  fahr.  is  used,  and  we  have  found  these 
proportions  to  give  very  satisfactory  results. 

5  To  substantiate  the  foregoing  conclusions,  the  writer  offers  a 
few  curves  which  have  been  constructed  from  a  mass  of  notes  col- 
lected from  time  to  time;  also  a  set  of  curves  taken  from  a  very  excel- 
lent and  complete  paper  read  by  Mr.  0.  Berner  before  the  Der 
Verein  deutscher  Ingenieure,  published  in  their  Transactions  of  1904. 

6  This  table  is  also  given  after  being  converted  into  English  units. 
It  is  expected  that  these  figures  will  be  materially  revised  from  time 
to  time  as  more  complete  data  on  the  various  subjects  are  available. 

TABLE   1 
Loss  IN  Tbmpehature  in  Degrees  Fahr.  for  100  Feet  op  Pipe     (O.  Berner) 

Av.  steam  pressure  176.5  lb. 

Av.  steam  temperature  482  deg.  f.  105  deg.  superheat 


DIAM.  PIPE,  IN. 

velocity  of  steam  in  feet  per  minute 

1968 

3936 

6904 

3.937 

50.3° 

25.5° 

16.45° 

7.874 

25.5° 

12.7° 

8.23° 

11.811 

17.0° 

8.23° 

5.49° 

15.748 

12.6° 

6.07° 

4.39° 

Fig.  1  shows  the  rate  at  which  the  drop  in  temperature  per  hundred 
lineal  feet  of  run  of  pipe  decreases  as  velocity  of  steam  increases,  and 
is  approximately  correct  for  pipes  from  6  to  10  inches  in  diameter. 

Fig.  2  shows  that  the  variation  in  rate  of  transfer  of  heat  units  per 
square  foot  per  degree  difference  in  temperature  per  hour  increases 
almost  directly  with  the  velocity  of  the  steam  in  the  pipe,  and  varies 
for  the  different  sizes  of  pipes  and  different  kinds  of  covering.     In 
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pipes  No.  1  and  2  a  good  magnesia  covering  was  used;  in  No.  3  Keasby 
Magnesia  standard  thickness,  and  in  No.  4  Magnesia  1|  inch. 

Fig.  3  is  a  convenient  diagram  to  show  the  required  cross  sectional 
area  of  a  pipe  passing  1000  pounds  of  steam  per  hour  at  velocities 
of  6000, 8000  and  10,000  feet  per  minute  and  at  different  temperatures 
and  pressures. 

Fig.  4  is  a  curve  constructed  from  figures  given  by  Mr.  O.  Berner. 
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DISCUSSION 
Mr.  Hosea  Webster    We  note  from  Mr.  Foster's  paper — 

a  That  the  rate  of  heat  transfer  per  degree  difference  in 
temperature  per  square  foot  of  surface  per  hour  increases 
with  the  steam  velocity. 

b  That  the  percentage  loss  in  heat  decreases  with  the  velocity 
notwithstanding  the  rising  ratio  of  heat  transfer  and 

c  That  high  velocity  of  superheated  steam  in  pipes  is  there- 
fore recommended,  because  there  is  a  lower  actual  drop 
in  steam  temperature. 

The  logic  of  these  statements  seems  faulty  and  might  lead  to  a  mis- 
understanding, but  this  would  not  be  an  unusual  experience  for  any 
one  who  has  tried  to  draw  reliable  conclusions  from  published  and 
observed  data  regarding  the  properties  of  superheated  steam. 

2  Mr.  Foster's  tables  and  diagrams  are  valuable  as  an  addition 
to  reliable  records  of  observed  conditions  but  as  he  states  in  his 
paper:  "It  is  expected  that  these  figures  will  be  materially  revised 
from  time  to  time  as  more  complete  data  on  the  various  subjects  are 
available."  The  loss  of  heat  and  energy  incidental  to  the  trans- 
mission of  superheated  steam  from  the  boiler  to  the  engine  is  a 
question  of  the  greatest  importance,  and  one  of  which  little  is  accur- 
ately known  today. 

3  During  the  year  1904,  Dr.  Otto  Berner  published  in  the 
Zeitschrift  des  Vereines  deutscher  Ingenieure,  an  elaborate  discussion 
of  this  subject,  his  investigations  having  been  conducted  at  the 
request  of  the  Society  of  German  Engineers.  While  Dr.  Berner 
presented  and  discussed  a  large  amount  of  data  which  he  had  collected 
from  tests  by  various  observers,  he  frankly  stated  that  he  was 
unable,  owing  to  the  lack  of  exact  information,  to  reach  definite 
opinions  as  to  the  effect  of  the  number  of  factors  in  this  complex 
question,  his  final  conclusions  being  that,  while  much  information 
is  available  as  to  the  generation  of  superheated  steam  and  as  to  its 
action  in  the  engine,  we  are  still,  with  regard  to  its  exact  behavior 
during  transmission,  practically  groping  in  the  dark. 

4  Erroneous  deductions  have  unquestionably  been  drawn  from 
superficial  consideration  of  the  data  presented  by  Dr.  Berner,  but 
it  is  very  clearly  shown  by  his  observations  and  by  those  of  others, 
that,  almost  without  exception,  pipe  systems  conveying  super- 
heated steam  convey  more  or  less  water  of  condensation.  All 
evidence  points  to  the  fact  that,  excepting  where  the  cooling  is 
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excessive,  the  steam  in  the  transmission  pipe  has  a  superheated  core 
and  a  graduall}'  falhng  temperature  outward,  until  there  is  an  annulus 
of  condensate  on  the  inner  surface  of  the  pipe. 

5  The  great  variation  in  the  conclusions  to  be  drawn  from  pub- 
lished data  regarding  the  physical  properties  of  superheated  steam, 
indicates  that  there  is  some  defect  in  the  methods  used  in  making 
observations,  and  it  is  probable  that  the  errors  are  mainly  due  to  the 
great  difficulty  which  has  been  experienced  by  almost  all  observers 
in  determining  the  temperature  of  the  superheated  steam.  The 
fact  that  almost  without  exception  pipes  conveying  superheated 
steam  contain  more  or  less  water  of  condensation,  raises  the  question 
whether  the  temperature  of  the  pipe  itself  exceeds  the  temperature 
due  to  the  pressure  carried.  This  at  once  gives  rise  to  the  question 
whether  sufficient  care  has  been  taken  so  to  insulate  the  thermometers 
used  in  making  temperature  observations  of  superheated  steam  as 
to  prevent  errors  due  to  the  cooling  effect  of  the  pipe  walls. 

6  The  great  difference  of  opinion  among  careful  obsers^ers  as 
to  the  specific  heat  of  superheated  steam,  for  instance,  would  seem 
to  indicate  that  there  is  some  property  of  superheated  steam  which 
has  not  as  yet  been  discovered.  The  great  interest  which  is  shown 
by  the  presentation  of  so  many  papers  at  the  meeting  is  certainly 
encouraging,  and  it  is  suggested  that  in  making  tests  of  transmission 
of  steam  through  pipe  systems,  observations  should  be  made  along 
the  following  lines: 

a  Hourly  steam  weight  conveyed  through  the  pipe; 

b  Hourly  condensation  in  the  piping; 

c  Steam  pressure  at  the  beginning  and  end  of  the  pipe  line; 

d  Steam  temperature  at  the  beginning  and  end  of  the  pipe 

line,    where    observations   refer   to   superheated   steam; 
e  Quality  of  steam  at  the  beginning  and  end  of  the  pipe  line, 

where  observations  refer  to  saturated  steam. 

7  In  making  temperature  observations  with  superheated  steam, 
if  mercurial  thermometers  are  used,  some  means  should  be  provided 
for  protecting  the  thermometer  and  thermometer  walls  from  the 
temperature  of  the  pipe  walls,  which  apparenth''  does  not  bear  any 
fixed  relation  to  the  temperature  of  the  steam  flowing  through  the 
pipe  in  the  case  of  superheated  steam. 

* 
Prof.  D.  S.  Jacobus     Mr.  Foster  tells  us  in  presenting  his  paper 

that  his  conclusions  were  based  on  a  portion  of  the  data  which  he 

presents  and  that  he  now  finds  the}'  do  not  agree  with  all  of  the 
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data.  It  is  this  disagreement  to  which  Mr.  Webster  refers  when 
he  says  that  the  logic  of  some  of  the  statements  seems  faulty.  The 
conclusion  arrived  at  by  Mr.  Foster,  that  the  radiation  increases 
with  the  steam  velocity,  is  certainly  not  borne  out  by  Dr.  Berner's 
figures  which  are  given  in  Table  1  of  Mr.  Foster's  paper,  as  in  this 
table  the  radiation  loss  per  square  foot  of  pipe  surface  is  assumed 
by  Dr.  Berner  to  be  constant.  Furthermore  Dr.  Berner  says  in  his 
paper  "The  few  tests  with  different  speeds  in  the  same  pipe  S3'stem 
almost  all  show,  even  for  great  speed  differences,  only  small  differences 
in  the  heat  loss,"  and  cites  the  tests  of  Schroter  where  the  values 
for  the  higher  velocities  were  sometimes  greater  and  sometimes 
smaller  than  for  the  lower  velocities. 

2  Dr.  Berner's  paper  brings  out  the  following  point  which  is 
usually  overlooked:  that  the  heat  lost  through  radiation  in  trans- 
mitting superheated  steam  for  power  purposes,  is  not  exactly  com- 
parable with  the  heat  lost  with  saturated  steam.  With  saturated 
steam  any  heat  lost  by  radiation  produces  water  of  condensation, 
and  the  heat  which  remains  in  the  water  of  condensation  is  not 
available  for  producing  work,  the  water  in  most  cases  being  sep- 
arated from  the  steam  before  it  passes  to  the  engine.  With 
superheated  steam,  however,  there  is  less  loss  in  the  heat  contained 
in  the  water  of  condensation,  and  although  the  total  heat  loss  through 
the  radiation  may  be  greater  for  the  superheated  steam  than  for 
the  saturated,  it  does  not  follow  that  the  loss  of  heat  available  for 
the  production  of  power  is  necessarily  greater. 

Mr.  Frank  Koester^  Mr.  Foster's  paper  is  an  able  one,  and 
certainly  throws  more  light  on  the  flow  of  superheated  steam.  It 
could  be  made  more  complete,  however,  by  adding  a  chart  showing 
the  volume  of  superheated  steam  at  various  pressures  and  tempera- 
tures. 

2  Herr  Berner  in  his  paper  before  Der  Verein  deutscher  Ingenieure 
calculated  the  volume  of  superheated  steam  from  the  Zeuner  formula, 
a  formula  which  is  practically  exclusively  used  throughout  the 
continent  of  Europe,  owing  to  the  fact  that  it  is  the  most  accurate 
and  the  simplest. 

3  It  is  as  follows: 

T 

PiVi  =  R  {ti  -  273)  -  C  p^n 

'  Member  Verein  deutscher  Ingenieure. 
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in  which  Pi  =  pressure  of  steam  in  kg.  per  sq.  cm.  absolute, 
(14.7  lb.  per  sq.  in.) 

ti  =  temperature  of  superheat   (cent.) 
Vi  ==  additional  volume  in  cubic  meters 

R,  C,  and  n  are  constants,  which  for  p  are  expressed  in  kilograms 
per  square  centimeter,  and  for  v  in  cubic  meters. 


R  =  0.00509 


C  =  0.193 


0.25 


4  From  this  formula,  the  chart  shown  in  Fig.  1,  giving  the  volume 
of  superheated  steam  for  various  degrees  of  superheat,  has  been 
laid  out  and  converted  to  the  English  system.  The  dotted  curve 
represents  the  volume  of  saturated  steam,  and  the  soHd  curves  the 
volume  of  superheated  steam,  at  the  given  total  temperature. 
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Cubic  feet  per  pound 
VOLUME  OF  SUPERHEATED  STEAM 


5  To  compare  this  chart'with  that  in  Fig.  3  of  the  paper,  let 
us  assume  an  absolute  steam  pressure  of  185  lb.  and  a  total  tempera- 
ture of  550  deg.  fahr.  (175  deg.  superheat).  It  will  be  found  that  the 
volume  is  3  cu.  ft.  per  pound.  In  order  to  transmit  1000  lb.  of 
steam  per  min.  at  a  velocity  of  6000  ft.  per  min.,  a  pipe  area  of 
72  sq.  in.  (say  10  in.  diameter)  will  be  required. 

6  Now  take  Mr.  Foster's  chart  and  assume  the  same  conditions. 
Following"]^the  curve  down^to  the  line  giving  areas  for  the  given 
velocity,  it  will  be  seen  that  an  area  of  1.17  sq.  in.  is  required  for 
1000  lb.  per  hour,  or  70.2  sq.  in.  for  1000  lb.  per  min.  (9^  in.  diameter). 
This  would  mean  a  10  in.  pipe. 
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Mr,  August  H.  Kruesi  I  want  to  ask  Mr.  Foster  if  the  steam  velocity 
of  6000  to  8000  ft.  per  min.  which  he  recommends,  is  the  normal 
velocity  at  rated  load.  These  figures  must,  of  course,  depend  on 
whether  the}^  refer  to  steam  engines  or  steam  turbines.  They  would 
probably  be  high  for  small  engines,  and,  on  the  other  hand,  for  steam 
turbines  the  maximum  velocity  may  go  considerably  higher.  The 
steam  pipe  sizes  for  Curtis  turbines  are  based  on  a  velocity  at  rated 
load,  running  condensing,  of  about  4500  ft.  per  min.,  which  would 
correspond  at  maximum  output  to,  roughly,  10  000  ft.  per  min. 

Mr.  Max  E.  R.  Toltz  This  paper  is  very  valuable.  Up  to  the  present 
time  there  has  been  a  lack  of  information  regarding  the  loss  in  trans- 
mitting superheated  steam  in  steam  pipes.  Mr.  Berner  was  the  first 
one  to  make  extensive  tests  in  regard  to  this  matter,  but  in  his  con- 
clusions he  says  that,  on  account  of  the  doubtful  and  varied  results 
he  had  obtained,  more  work  should  be  done  in  this  line. 

2  I  made  a  test  very  recently  on  a  steam  pipe  800  feet  long,  with 
superheated  steam  at  the  pressure  of  90  lb,,  superheat  100  deg.,  and 
I  found  that  when  the  velocity  of  the  steam  was  100  ft,  per  sec.  or 
6000  ft.  per  min.,  the  loss  per  100  ft.  was  between  6  and  7  deg.;  with 
a  velocity  of  50  ft,  per  sec.  or  3000  ft.  per  min,,  the  superheat  was 
lost  entirely.  My  experience  has  been  especially  with  locomotives, 
and  I  found,  although  the  connection  from  the  dry  pipe  to  the  steam 
chests  was  very  short,  that  the  loss  of  temperature  in  steam,  super- 
heated to  100  deg.  was  between  15  and  40  deg,;  in  steam  superheated 
to  200  deg.,  the  loss  was  from  10  to  25  deg,,  all  depending  upon  the 
velocity  of  the  steam.  In  one  instance,  that  of  a  Pacific  type  pas- 
senger engine,  it  developed  that  when  running  at  a  speed  of  55  miles 
per  hour,  the  steam  attained  a  velocity  of  234  ft.  per  sec,  and  in  that 
case  the  loss  of  superheat  was  only  10  deg.,  while  with  a  velocity  of 
less  than  150  ft.  per  sec,  the  loss  of  superheat  was  from  12  to  30  deg 

3  I  would  like  to  make  a  motion,  if  it  is  consistent  with  the  rules 
of  the  Society,-  to  have  a  committee  appointed  to  conduct  further 
tests  in  this  line  so  we  will  have  better  and  final  results.  We  are 
much  at  sea  at  present,  and  results  derived  from  extensive  tests 
would  materially  assist  us  in  determining  the  degree  of  superheat  to 
be  added  on  account  of  long  pipe  lines, 

Mr.  Kinealy  You  spoke  of  a  velocity  of  200  ft.  Can  you  tell 
us  the  pressure? 

Mr.  Toltz     165  pounds  boiler  pressure. 
Mr.  Kinealy     The  size  of  the  pipe? 
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Mr.  Toltz     The  pipe  was  about  five  or  six  inches  in  diameter. 

Mr.  Kinealy     And  the  probable  loss  for  the  lower  velocities? 

]\Ir.  Toltz  It  was  only  ten  pounds  between  the  boiler  and  the 
steam  chest.  The  pressure  was  not  lost  in  the  pipe,  but  in  port 
openings  of  the  valves.  We  found  later  that  the  port  openings  in 
the  valves  of  this  engine  were  too  small.  On  an  indicated  diagram, 
we  noticed  at  once  that  something  was  wrong,  and  it  was  intended 
to  enlarge  the  port  openings  or  make  double  openings.  I  think 
that  in  a  six  inch  pipe  with  proper  openings  the  steam  would  not 
have  attained  the  velocity  of  234  ft.  per  sec. 

Mr.  Kinealy  Then  it  becomes  a  question  of  whether  it  is  better 
to  have  a  loss  in  superheat  or  a  loss  in  pressure. 

Mr.  Toltz  We  have  solved  that  question  in  another  way.  The 
saturated  steam  locomotives  on  the  Great  Northern  run  with  a  boiler 
pressure  of  200  lb.  per  sq.  in.,  while  the  superheated  steam  locomo- 
tives carry  only  165  lb.  per  sq.  in.,  but  the  cylinders  of  the  latter 
were  increased  from  22  in.  to  25|  in.  in  diameter.  They  are  able 
to  pull  about  6  per  cent  more  load  with  superheated  steam  than  the 
saturated  steam  locomotives,  which  is  simply  due  to  the  high  starting 
power  of  the  superheated  steam  engine. 

The  Author  The  Society  I  think  is  to  be  congratulated  on  the 
action  which  it  has  just  taken  in  appealing  to  the  general  govern- 
ment for  the  purpose  of  having  determined  definitely  the  values  for 
the  specific  heat  of  superheated  steam  under  all  conditions.  This 
should  clear  up  the  situation  to  such  an  extent  that  calculations  could 
be  made  with  a  degree  of  exactness  not  hitherto  possible.  It  is 
to  be  hoped  that  the  government  will  g^-ant  the  request  of  the  Society, 
and  that  the  determination  will  be  rendered  at  an  early  date. 

2  There  seems  to  be  some  difficulty  in  understanding  the  relation 
of  my  two  conclusions,  as  cited  by  Mr.  Webster.  The  rate  of  heat 
transfer  may  increase  at  the  same  time  that  the  percentage  of  heat 
loss  decreases.  Increased  velocity  means  a  higher  total,  but  a  lower 
heat  loss  expressed  in  percentage,  because  the  rate  of  increase  in 
the  total  amount  of  steam  transmitted,  due  to  an  increased  velocity, 
rises  more  rapidly  than  the  corresponding  total  heat  loss. 

3  The  possibility  of  steam  pipes  carrying  both  superheated  steam 
and  water  has  been  mentioned.  In  a  recent  paper  by  A.  L.  Mellenby, 
Sc.D.,  for  the  West  of  Scotland  Iron  and  Steel  Institute,  this  con- 
dition was  also  noted.  The  author  confesses  that  he  has  never  yet 
had  occasion  to  observe  the  existence  of  water  in  superheated  steam 
lines.     If  it  can  so  exist,  as  others  seem  to  think,  it  must  certainly 
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be  only  in  pipes  having  a  very  low  velocity  of  steam,  and  by  careful 
designing,  provision  could  be  made  to  relieve  the  pipe  line  of  the 
water,  or  to  insure  a  mixture  with  superheated  steam  which  would 
cause  the  water  to  be  evaporated. 

4  Mr,  Koester  in  his  discussion  spoke  of  a  diagram  of  the  volume 
of  superheated  steam  at  different  temperatures.  I  might  say  this 
information  is  really  included  in  my  table  of  velocity  of  super- 
heated steam  in  various  pipes.  The  net  areas  of  and  the  velocities 
in  the  pipes  are  given.     The  volumes  may  be  deduced  from  these. 

5  Mr.  Koester  also  asks  why  the  rate  of  6000  ft.  per  min.  was 
recommended.  My  idea  is  to  recommend  6000  ft.  per  min.  at  rated 
load,  which  allows  for  the  usual  overload  of  from  30  to  50  per  cent. 
In  case  an  overload  of  100  per  cent  must  be  provided  for,  I  would 
recommend  a  normal  velocity  in  pipes  of  4500  ft.  per  min.  at  rating, 
which  would  bring  the  velocity  up  to  9000  ft.  per  min.  maximum. 
While  talking  with  different  foreign  manufacturers  of  turbines  in 
Europe  last  year,  I  was  much  impressed  with  the  importance  which 
they  attached  to  the  value  of  superheated  steam  in  increasing  the 
capacity  of  a  turbine.  The  opinion  seemed  to  prevail  that  about 
twice  as  much  power  can  be  gotten  out  of  a  turbine  with  superheated 
steam  as  with  saturated  steam. 

6  May  we  not  say  that  the  advantage  of  superheat  in  turbines  is 
mechanical,  whereas  the  advantage  in  engines  is  thermal?  Alexander 
Jude  in  his  treatise  on  the  steam  turbine  devotes  much  time  to  the 
discussion  of  the  effect  of  superheat  on  turbines.  He  cites  those 
losses  in  turbine  economy  which  are  favorably  affected  by  superheat, 
as:  condensation  of  steam  over  and  above  that  due  to  expansion; 
the  shock  on  vane  edges  and  similar  places;  surface  friction  of  the 
wheel  discs;  surface  friction  of  the  vanes;  and  ventilating  friction. 

7  With  regard  to  the  experiments  for  the  determination  of  specific 
heat,  I  know  that  other  investigations  are  now  being  carried  on.  I 
took  part  in  making  an  apparatus  for  Professor  Kent,  who  is  now 
conducting  a  series  of  experiments  in  Syracuse,  and  I  expect  that 
before  six  months  have  passed  we  shall  have  an  additional  set  of 
results. 

8  I  have  noticed  that  in  separately  fired  superheaters  it  is  hard 
to  justify  the  assumption  of  a  high  specific  heat  with  the  amount 
of  fuel  consumed,  as  this  would  tend  to  bring  the  efficiency  of  the 
superheater  higher  than  a  comparison  with  the  performance  of 
boilers  will  justify.  For  instance,  if  the  specific  heat  of  0. 7  is  attrib- 
uted ^to  [superheated  steam  at  160  lb.  pressure  and  200  deg.  super- 
heat, the  superheater  which  Mr.  Barrus  refers  to  would  have  an 
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efficienc}-  of  about  75  per  cent,  which  I  think  is  tloubtful.  If,  on 
the  other  hand,  a  specific  heat  of  0.6  or  less  is  assumed,  the  efficiency 
of  the  superheater  would  fall  to  about  the  point  which  might  be 
expected  for  an  apparatus  which  must  necessarily  discharge  its 
waste  gases  at  a  temperature  at  least  as  high  as  that  of  the  boiler. 

9  I  do  not  agree  with  i\Ir.  Kellogg  in  regard  to  the  great  difference 
between  pipe  lines  for  carrying  superheated  and  those  for  carrying 
saturated  steam.  I  think  if  a  line  were  to  be  drawn  it  should  be 
between  moderate  superheat  and  high  superheat.  A  pipe  line 
which  is  carrying  a  moderate  superheat  of  a  temperature  of  500 
deg.  fahr.  would  not  differ  materially  from  one  carrying  saturated 
steam  at  150  lb.  pressure. 

10  I  think  too  much  importance  has  been  attached  to  alleged 
difficulties  in  joints,  gaskets  and  valves,  caused  by  superheated 
steam.  I  have  seen  several  plants  which  were  built  10  or  15  years 
ago  for  saturated  steam,  which  have  been  recently  equipped  with 
superheaters,  and  the  same  pipe  lines  utilized  for  steam  at  about 
500  deg.  fahr.  without  a  single  change  being  made.  On  the  other 
hand,  I  have  heard  of  several  instances  where  pipe  lines  have  been 
affected  by  high  temperatures,  but  whenever  I  have  had  an  oppor- 
tunity to  investigate,  I  have  found  the  trouble  to  be  due  to  occasional 
excessive  temperature. 

11  In  regard  to  cast  iron,  I  do  not  find  this  so  objectionable 
for  fittings  and  pipe  lines;  in  fact  I  rather  favor  its  use  in  a  great 
many  instances.  Mr.  Kellogg  speaks  of  deterioration  of  cast  iron; 
I  know  of  a  great  many  cast  iron  fittings  which  have  been  in  use  for 
16  to  18  years  with  superheated  steam,  and  they  are  in  as  good 
condition  as  when  they  were  installed.  I  also  know  of  some  cast  iron 
superheaters  which  have  been  in  use  in  this  country  for  several 
years,  subjected  to  average  temperatures  of  1000  deg.  fahr.  or  more, 
which  are  now  in  good  condition.  It  is  important  to  use  good  cast 
iron.  Difficulties  attending  the  obtaining  of  cast  steel  which  is 
not  porous  is  one  of  the  chief  drawbacks  to  the  use  of  this  metal. 

12  The  chief  difference  between  a  pipe  line  carrying  superheated 
steam  and  one  carrying  saturated  steam,  is  in  the  amount  of  expansion 
and  contraction  due  to  changes  in  temperature,  which  will  be  greater 
in  the  former;  and  on  the  assumption  that  pipe  lines  are  at  best  not 
too  carefully  put  together,  with  an  inadequate  allowance  for  expansion 
and  contraction,  the  strain  on  the  joints  of  a  superheated  steam  line 
will  naturally  be  greater  than  on  those  of  a  saturated  line.  Too 
much  reliance,  in  my  opinion,  has  been  placed  on  the  flexibility  of 
steel  pipe  bends,  which  are  extremely  rigid,  particularly  when  made 
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of  extra  heavy  pipe,  and  which  would  have  a  tendency  to  distort 
themselves  when  heated. 

13  As  to  gaskets,  I  think  one  can  not  draw  a  line  very  closely 
about  a  certain  type,  and  exclude  others  which  have  been  very 
successfully  used  with  superheated  steam.  I  have  heard  of  instances 
where  corrugated  copper  gaskets  have  done  well  with  both  saturated 
and  superheated  steam,  and  I  have  also  heard  of  instances  where  the 
same  kind  of  gaskets  have  not  done  at  all  well  with  either  saturated 
or  superheated  steam.  My  own  practice  is  to  use  a  thin  corrugated 
bronze  gasket,  which  has  thus  far  been  universally  successful  with 
steam  at  any  temperature. 

14  The  author  wishes  to  thank  the  members  who  have  taken 
part  in  this  discussion  for  the  interest  which  they  have  shown  in  the 
subject,  and  hopes  to  see  many  other  papers  presented  to  the  Society, 
as  new  data  relating  to  the  performance  of  superheated  steam  is 
secured. 


No.  1151 

SUPERHEAT  AND  FURNACE  RELATIONS 

By  REGINALD  PELHAM  BOLTON,  NEW  YORK 

Member  of  the  Society 

In  the  application  of  superheat  to  any  steam  supply,  stable 
temperature  or  extent  of  added  heat  would  appear  to  be  a  primary 
condition,  but  with  the  present  forms  of  arrangements  for  the  purpose, 
this  seems  to  be  far  from  achievement, 

2  A  control  of  the  temperature  would  in  many  cases  be  an  addi- 
tional advantage,  and  the  attention  of  designers  is  evidently  tending 
toward  this  feature. 

3  It  may  therefore  be  of  advantage  to  bring  together  some  of  the 
considerations  bearing  on  this  subject  with  a  view  to  a  more  general 
interest  in  the  methods  of  generating  superheated  steam. 

4  Most  of  our  present  practice  appears  to  be  based  upon  the 
adaptation  of  superheating  apparatus  to  standardized  forms  of 
boilers  and  settings,  a  leading  consideration  being  the  avoidance  of 
disturbance  of  their  accepted  designs,  or  alteration  of  the  accepted 
relation  of  boiler  parts. 

5  It  has  thus  become  very  common  practice  to  install  super- 
heating surface  in' some  one  position  in  the  gas  passages,  where  a 
more  or  less  convenient  space  exists  in  a  standard  design,  without 
special  regard  for  its  full  desirability,  or  for  a  well  adapted  relation 
of  the  superheating  surface  to  the  path  or  travel,  volume,  or  tem- 
perature of  the  gases. 

6  Manifestly,  if  existing  designs  of  boilers  and  settings  are  to  be 
rigidly  adhered  to,  this  must  be  the  case,  but  it  would  seem  that  the 
eventual  aim  should  rather  take  the  direction  of  a  remodeling  of  the 
designs  of  both  boiler  and  setting,  in  favor  of  the  superheating  appa- 
ratus, and  that  the  latter  should,  receive  a  greater  consideration  than 
its  present  very  secondary  position  in  the  combination. 

7  Merely  to  place  a  superheating  coil  in  a  certain  part  of  the  gas 
passage  of  a  boiler,  and  to  connect  the  steam  supply  to  it  by  strange 
and  undesirable  pipe  connections,  as  is  so  frequently  the  case  at  pres- 
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ent,  is  by  no  means  to  be  regarded  as  a  complete  solution  of  the 
problem. 

8  In  such  a  position,  not  only  the  design  of  the  superheater,  but 
often  its  true  proportion  may  be  sacrificed  to  the  exigencies  of  boiler 
proportions,  and  its  accessibility,  so  peculiarly  necessary,  becomes 
questionable. 

9  Placed  thus,  or  in  any  other  position  where  the  travel  of  the 
main  body  of  gases  from  the  fire  envelopes  the  heating  surface,  the 
superheater  is  subjected  to  conditions  of  wide  variation  of  gas  pas- 
sage and  temperature,  largely  increasing  and  decreasing  its  output 
in  transferred  heat. 

10  If  its  proportions  be  based  upon  a  given  heat  transfer  to  a  given 
rate  of  steam  passage  through  its  interior,  then  the  addition  of  green 
fuel  to  the  fire,  or  other  sources  of  heat  variation  there,  may  affect 
its  output  to  a  very  wide  degree,  probably  more  than  could  be  recorded 
by  any  thermometric  appliance,  and  with  consequent  wide  variation 
in  cylinder  effects. 

11  The  operation  of  an  ordinary  furnace  is  subject  to  so  many 
variable  elements  in  the  nature  of  the  fuel,  its  combustion,  draft 
regulation,  door  openings,  ash  and  cHnker  accumulations,  and  in  the 
human  elements  back  of  all,  that  so  sensitive  an  apparatus  as  that 
which  is  required  to  add  heat  to  high-temperature  steam  should  be 
protected  as  far  as  possible  from  these  fluctuating  influences. 

12  Every  engineer  who  has  conducted  boiler  tests  will  agree  upon 
the  subject  of  gas  fluctuations,  in  spite  of  the  greatest  care  and  expert- 
ness  in  hand-firing,  and  even  to  some  degree  with  the  use  of  auto- 
matic stokers. 

13  The  results  would  be  comparable,  though  in  a  greater  degree, 
to  the  inverse  operation  of  condensing  steam  in  a  forced  draft  air 
system,  in  which  the  steam  coil  should  be  subjected  to  a  draft  vary- 
ing considerably  in  volume,  excessively  in  temperature,  and  being 
at  the  same  time  irregularly  directed  upon  the  tube  surfaces. 

14  It  is  not  an  answer  in  full  to  these  conditions,  so  to  construct 
a  superheater,  that  an  increase  in  the  mass  of  material  in  its  compo- 
sition or  in  its  walls  or  setting  shall  be  provided,  so  as  to  absorb  and 
give  off  heat  to  make  up  an  average  temperature  condition. 

15  Consideration  in  this  direction  should  extend  also  to  the  fur- 
nace, and  take  the  form  of  arrangements  designed  to  eliminate  the 
fluctuations  of  gas  flow  and  temperature. 

16  Automatic  firing  may  do  much  toward  such  a  result,  but  even 
more  appears  to  be  realizable  by  the  provision  of  some  form  of  rever- 
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beratory  construction,  in  which  masses  of  brickwork  in  the  form  of 
arches  or  walls  alternately  absorb  and  give  out  excess  heat. 

17  Several  recent  modifications  of  furnace  design  appear  to  lead 
in  this  direction,  and  may  evidently  be  productive  of  relatively  bene- 
ficial results  on  the  steam-generating,  as  on  the  superheating  surface. 

18  Arrangements  are  capable  of  combination  with  certain  types 
of  boiler  settings,  in  which  the  superheater  is  provided  with  a  sepa- 
rate gas-flue  from  the  fire,  with  a  by-pass  connection  to  some  point 
in  the  main  flue  or  passage  beyond  it,  which  by  suitable  dampers  may 
be  capable  of  a  regulation  of  the  volume  of  gas  passing  through  the 
superheater.  If  provision  could  be  practicably  added  for  control 
of  the  gas  volume  by  means  of  apparatus  affected  by  the  tempera- 
ture of  the  gas,  the  output  of  superheat  would  become  a  defined 
quantity  with  a  given  steam-flow,  but  with  the  high  temperatures 
involved,  this  does  not  seem  to  be  realizable. 

19  Fluctuations  in  the  steam  output  of  the  boiler  would  more- 
over, still  affect  the  degree  of  superheat,  although  this  element  is  one 
that  is  partly  controllable  by  existing  apparatus,  inasmuch  as  addi- 
tions to  the  boiler  output  follow  on  additional  furnace  work,  so  that 
some  modification  or  adjustment  of  the  rate  of  gas  flow  over  the 
superheater  could  probably  be  intelligently  made  by  hand. 

20  These  considerations  become  more  defined  as  the  higher  tem- 
peratures of  superheat  are  attempted,  and  probably  as  much  of  the 
disappointment  experienced  in  this  direction  is  due  to  the  lack  of 
proper  heat  control,  as  to  any  other  feature.  The  work  of  heat-trans- 
fer becomes  rather  closely  balanced  when  steam  is  being  superheated 
to  the  high  degrees  frequently  employed  in  Europe,  and  when  gas 
of  relatively  high  temperature  is  necessarily  being  utilized  for  the 
work.  Such  relatively  high  temperature  may^  upon  a  comparatively 
moderate  disturbance  of  the  furnace  conditions,  such  as  the  intro- 
duction of  fresh  fuel,  fall  temporarily  to  the  degree  w^here  very  little 
heat  transfer  to  the  steam  will  take  place,  and  thus  the  steam  supply 
of  a  delicately  adjusted  engine  is  suddenly  reduced  very  largely  in 
temperature,  and  its  internal  work,  and  its  metallic  expansion,  much 
and  undesirably  modified. 

21  It  may  not  be  too  much  to  say,  therefore,  that  for  effectively 
securing  the  higher  temperatures  of  superheat,  the  furnace  condi- 
tions must  be  such  as  will  eliminate  the  fluctuations  of  gas  flow  and 
temperature,  or  the  heater  must  be  placed  where  control  of  the  gas 
volume  can  be  secured. 

22  As  regards  the  maintenance  of  a  given  superheat  at  various 
outputs  of  steam,  it  may  be  said  that  where  the  relation  between  the 
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furnace  heat-output,  the  first  heating-surface  of  the  boiler,  and  the 
superheating  surface  is  well  related,  it  seems  reasonable  to  expect 
that  variations  in  total  steam  supply  would  show  little  variation  as 
regards  the  superheat,  since  the  increase  of  furnace  heat  would  be 
relatively  absorbed  by  both  the  surfaces  referred  to.  This  would 
however,  be  modified  when  higher  degrees  of  superheat  are  in  use,  in 
which  case  less  of  the  boiler's  primary  heat-surface  must  be  inter- 
posed between  the  fire  and  the  superheater,  and  relatively  less  of  an 
increase  of  heat  would  be  absorbed  thereby,  subjecting  the  super- 
heater to  a  relatively  higher  temperature,  disproportionate  to  output. 

23  Desirable  results  seem  on  the  face,  to  be  more  readily  attain- 
able in  the  separately-fired  type  of  superheater,  but  in  this  form  of 
the  appliance  the  separate  furnace  is  subject  to  man}^  of  the  same 
effects  of  fluctuation,  due  to  fuel,  draft,  and  handUng,  that  a  main 
boiler  furnace  would  be.  Moreover,  the  temperature  at  which  the 
gases  of  a  separate  fire  must  pass  off  from  the  apparatus  involve  some 
loss  in  heat.  This  escaping  heat  might  in  some  cases  be  utihzed  in 
an  economizer,  or  as,  in  the  recent  proposal  of  Mr.  Hosea  Webster, 
Member  of  the  Society,  these  gases  might  be  connected  into  the 
boiler  gas-passages  at  some  suitable  point,  and  be  thus  utilized  in 
steam  generation. 

24  An  ideal  condition  would,  perhaps,  be  attained  by  a  gas-fired 
independent  superheater  connected  in  this  manner  to  the  boiler,  a 
refinement  not,  however,  generally  practicable,  and  thus  for  general 
practice  it  is  necessary  to  rely  upon  the  development  herein  advo- 
cated of  the  furnace  control  by  such  combination  of  grate,  arch,  walls, 
combustion-chambers,  and  draft,  as  will  to  the  greatest  extent  regu- 
late the  flow  of  heat. 

25  The  problem  is  one  in  which  the  designer  and  manufacturer 
of  every  type  of  boiler  is  interested,  and  which  they  cannot  be  too 
strongly  urged  to  take  in  hand. 

26  The  evident  trend  of  general  steam  practice  is  toward  the  use 
of  some  degree  of  superheat,  and  the  boiler  of  the  future  may  thus 
be  regarded  as  a  combined  apparatus,  involving  fuel,  air,  furnace, 
generator  and  superheater,  supplying  with  the  same  regularity  and 
securit}^  with  which  commercially  dry  steam  is  now  delivered,  a  super- 
heated steam  of  defined  quality,  in  any  quantity  up  to  its  extreme 
capacity. 

27  Such  a  combination  requires  not  only  on  the  part  of  the 
designer  but  on  that  of  the  operator  and  user,  some  greater  degree  of 
attention  and  interest  than  has  hitherto  been  bestowed  upon  the  sub- 
ject, and  we  may  look  forward  to  the  time  when  the  present  methods 
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of  haphazard  combinations  of  fuel,  chimneys,  grates,  boilers,  and 
superheaters,  often  brought  together  without  any  co-relation,  and 
even  without  any  distinct  object,  will  be  exchanged  for  a  policy  in 
which  the  great  boiler  manufacturing  interests  will  present,  and  the 
general  body  of  steam  users  will  appreciate  defined  combinations  of 
the  furnace  with  superheating  generators,  developed  from  the  infor- 
mation and  experience  which  has  been  accumulating  about  the  sub- 
ject in  recent  years. 

DISCUSSION 

Mr.  J.  Rowland  Brown  I  do  not  wish  to  enter  into  a  long  dis- 
cussion of  the  relative  merits  of  the  boiler  setting  and  the  independ- 
ently fired  superheater,  but  merely  to  state  some  observations  made 
in  experimenting,  operating  and  designing  superheaters  of  the 
former  type. 

2  I  believe  I  am  safe  in  stating  that  the  standard  type  in  this 
country  is  that  in  which  the  heating  surface  is  contained  within 
the  boiler  setting.  The  boiler  setting  type  requires  no  additional 
space  for  its  installation  over  that  of  the  simple  boiler,  except  in 
cases  where  high  degrees  of  superheat  are  necessary  and  then  an 
addition  is  made  to  the  height  of  the  setting.  It  requires  no  addi- 
tional steam  piping  over  the  simple  boiler  except  when  it  is  desired 
to  operate  the  superheater  as  a  part  of  the  water  heating  surface  of 
the  boiler.  It  has  been  customary  to  flood  the  superheater  when 
raising  steam  or  whenever  the  flow  of  steam  through  the  tubes  is 
stopped.  In  designs  where  the  superheater  is  located  at  such  a  point 
in  the  setting  that  the  average  temperature  of  the  gases  does  not 
exceed  1000  deg.  fahr.  it  is  not  necessary  to  flood  when  raising  steam 
if  fair  judgment  is  used.  In  one  case  a  Babcock  &  Wilcox  boUer  was 
shut  down  every  night  and  started  up  rapidly  every  morning  without 
flooding  and  by  a  fireman  who  did  not  know  what  a  superheater 
was.  This  superheater  showed  no  signs  of  burning  or  leaking  of  the 
tubes.  I  have  flooded  and  drained  superheaters  while  the  boiler 
was  cut  in  on  the  load  and  never  experienced  any  trouble  from  water 
hammer.  The  greatest  danger  of  burning  a  superheater  is  when  a 
boiler  is  being  forced  and  for  some  reason  is  cut  out  of  service.  The 
result  is  that  the  pop  valves  on  the  drums  open  and  discharge  the 
steam  and  there  is  no  flow  through  the  superheater,  although  a  high 
temperature  is  maintained  in  the  setting  and  if  stokers  are  used  this 
condition  may  continue  for  some  time  before  it  is  checked.  To  guard 
against  this  condition,  a  pop  valve  is  placed  on  the  superheater  outlet. 
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3  When  a  superheater  of  the  boiler  setting  type  goes  out  of  com- 
mission it  causes  the  loss  of  but  one  unit  and  the  ratio  of  superheating 
to  water  heating  surface  in  the  balance  of  the  plant  remains  the 
same.  When  an  independently  fired  superheater  goes  out  of  com- 
mission it  reduces  the  whole  or  at  least  a  large  part  of  the  plant  to 
saturated  steam  conditions. 

4  The  objection  that  the  boiler  setting  t}'pe  is  subject  to  too 
great  a  heat  fluctuation  due  to  opening  doors,  draft,  changes,  etc.,  is 
not  well  taken,  as  the  independently  fired  type  is  influenced  to  as 
much  or  greater  extent.  It  is  present  practice  to  place  the  super- 
heater about  midway  between  the  furnace  and  the  damper;  that  is  to 
say  that  the  gases  have  passed  over  about  one-half  of  the  water 
heating  surface  before  striking  the  superheater.  Assuming  a  furnace 
temperature  of  2500  deg.,  this  means  that  the  gases  have  fallen  to  a 
temperature  between  1000  and  800  deg.  when  they  reach  the  super- 
heater. Repeated  observations  have  shown  that  this  temperature 
of  the  gases  drops  about  100  deg.  when  the  furnace  door  is 
opened  for  firing  and  of  course  there  is  a  greater  drop  in  the  furnace. 
The  result  is  that  although  the  heat  transfer  to  the  superheater  is 
decreased,  so  also  is  the  steam  generated  and  the  temperature  of 
the  steam  shows  but  a  small  drop.  The  drop  in  steam  temperature 
lags  behind  the  drop  in  gas  temperature  and  the  amount  of  drop  is 
a  function  of  the  time  the  door  is  open.  Careful  firing  should  not 
give  a  maximum  variation  of  over  30  per  cent  of  the  degree  of  super- 
heat at  the  superheater  outlet.  A  superheater  giving  an  average  of 
160  deg.  would  probably  vary  between  136  deg.  and  184  deg. 

5  Where  a  number  of  boilers  are  in  battery  the  average  superheat 
from  all  the  boilers  together  will  be  very  nearly  constant,  as  the 
fluctuations  will  be  distributed  over  different  boilers  at  different 
times. 

6  The  superheater  can  be  so  designed  that  it  will  compound  on 
overload:  that  is,  the  degree  of  superheat  will  increase  with  increase 
of  load  up  to  a  certain  point.  One  case  showed  an  increase  of  super- 
heat up  to  30  per  cent  overload  and  then  a  slight  decrease  to  40  per 
cent,  the  curve  falling  off  much  less  rapidly  than  it  had  increased. 

7  In  large  units  the  boiler  setting  superheater  as  now  designed 
does  not  average  over  175  deg.  superheat,  although  many  are  sold 
to  develop  200  deg.  In  order  to  get  the  higher  degrees  of  superheat 
it  is  necessary  to  get  more  space  within  the  setting  by  an  increase  in 
the  height. 

8  One  type  of  boiler  places  the  superheater  between  the  first 
and  second  rows  of  tubes  directly  over  the  furnace  but  protected  by 
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tile.  This  design  secures  high  superheat  with  minimum  heating 
surface  but  there  is  considerable  doubt  as  to  the  life  of  the  tubes. 

9  The  following  method  of  determining  the  ratio  of  superheating 
surface  to  boiler  horse  power  for  a  given  degree  of  superheat  gives 
results  very  close  to  the  actual.  Mr.  J.  E.  Bell  has  derived  the 
formula 

(T-378)»-'«^  0.172H-  0.294 

which  is  based  on  a  saturated  temperature  of  378  deg.  and  a  furnace 
temperature  of  2500  deg.  and  in  which  T  =  the  temperature  of  the 
gases  at  any  point  in  the  boiler  and  H  —  the  per  cent  of  the  total 
heating  surface  between  that  point  and  the  furnace.  This  curve 
gives  the  temperature  of  the  gases  at  any  point  in  the  boiler  if  we 
know  the  per  cent  of  heating  surface  passed  over  from  the  furnace 
to  that  point  and  also  the  temperature  of  the  escaping  gases.  It  has 
been  checked  by  actual  temperature  readings  and  found  to  be  quite 
accurate.  After  locating  the  position  in  the  boiler  at  which  the 
superheater  is  to  be  placed,  the  temperature  of  the  gases  striking  its 
tubes  can  be  secured  from  the  curve. 

10  The  heat  absorbed  by  the  superheater  per  boiler  horse  power 
hour  will  be  equal  to  30  (the  lb.  of  water  per  h.p.  hour)  X  0.5 
(the  specific  heat  of  superheated  steam)  X  S  (the  superheat  in  deg. 
fahr.). 

11  Take  3  B.t.u.  as  the  heat  absorbed  by  the  superheater  per 
square  foot  per  hour  per  degree  difference  between  the  temperature 
of  the  gases  striking  the  superheater  and  the  average  temperature 
of  the  steam  in  the  superheater. 

12  The  heat  absorbed  by  the  superheater  per  sq.  ft.  per  hour 
will  be  three  times  the  temperature  difference.  The  average  temper- 
ature of  the  steam  in  the  superheater  is  taken  as  378  deg.  (the 
temperature  of  saturated  steam  at  175  lb.)  +  ^  S  (the  degree  of  super- 
heat), 

13  The  square  feet  of  superheating  surface  per  boiler  horse  power 
is  equal  to  the  heat  absorbed  per  horse  power  divided  by  the  heat 
absorbed  per  square  foot.     This  formula  reduces  to 

10  S 
X 


2  (T  -  378)  -  S 


This  formula  has  been  used  in  designing  a  line  of  superheaters  and 
has  given  satisfactory  results.     It  gives  a  basis  for  the  design  which 
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must  frequently  be  changed  on  account  of  local  conditions  which  are 
not  taken  care  of  by  the  formula. 

HosEA  Webster  Mr.  Bolton  presents  a  broad  indictment  of  boiler 
manufacturers,  the  principal  counts  of  which  are: 

a  Superheaters  are  installed  in  most  any  convenient,  inac- 
cessible, out  of  the  way  space,  and  proportioned  without 
regard  to  the  travel,  volume  or  temperature  of  the  gases. 

b  That  boiler  manufacturers,  failing  to  realize  what  a  sen- 
sitive apparatus  a  superheater  is,  cruelly  subject  its  anat- 
omy to  "variable  elements  in  the  nature  of  the  fuel,  its 
combustion,  draft  regulation,  door  openings,  ash  and 
clinker  accumulations  and  the  human  elements  back  of 
all." 

c  That  boiler  furnaces,  instead  of  being  designed  to  meet  effi- 
ciently the  fluctuations  in  the  consumption  of  steam, 
should  be  designed  to  give  perfect  uniform  degree  of 
superheat,  regardless  of  other  things,  by  eliminating, 
entirely,  fluctuations  of  gas  flow  and  temperature. 

d  That  boiler  manufacturers  and  steam  users  are  not  keen 
enough  to  get  together  and  agree  upon  what  constitutes 
good  commercial  practice  in  the  design  and  use  of  super- 
heaters . 

2  Absolutely  constant  temperature  of  superheated  steam  is 
neither  a  commercial  nor  a  theoretical  necessity,  though  it  may 
be  desirable  for  an  engine  carrying  a  constant  load.  It  is  perfectly 
feasible  to  construct  a  combination  of  steam  generator  and  super- 
heater which  will  supply  superheated  steam  of  any  desired  constant 
temperature  in  varying  amounts,  if  the  purchaser  will  eliminate  all 
limitations  of  elements  of  first  cost  and  operating  expenses,  although 
judging  by  the  variation  in  opinion  as  to  the  specific  heat  of  super- 
heated steam,  there  seems  to  be  a  very  considerable  variation  in  the 
heat  absorbing  properties  of  the  output  of  various  steam  generators. 

3  The  temperature  of  the  gas  passages,  and  consequently  the 
output  of  a  steam  generator,  varies  practically  with  the  volume  and 
temperature  of  the  products  of  combustion.  This  accounts  for  the 
fact  that  almost  universal  practice  places  the  superheater  in  the  path 
of  the  furnace  gases  as  near  the  furnace  as  practical  limitations  of 
durability  and  accessibility  will  permit,  and  where  the  changes  in 
temperature  of  the  superheater  chamber  are  coincident  with  the 
variations  in  the  furnace  temperature  and  the  consequent  variations 
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in  amount  of  steam  to  be  superheated,  combined  with  the  additional 
fact  that  the  time  that  a  particle  of  steam  occupies  in  passing  through 
the  superheater  varies  inversely  with  the  temperature  of  the  super- 
heating chamber.  That  is  to  say,  that  though  the  heating  surface 
of  the  superheater  is  constant,  an  increase  in  the  production  of  steam 
follows  an  increase  in  furnace  temperature  which  causes  an  increase 
in  the  temperature  of  the  superheating  chamber.  This  would  cause 
an  increase  in  the  degree  of  superheat  but  for  the  necessarily  increased 
rate  of  flow  through  the  superheater  with  consequent  reduction  of 
time  during  which  each  particle  of  steam  is  subjected  to  heat.  There- 
fore, the  modern  practice  of  locating  a  superheater  in  a  convenient 
place  in  the  boiler  setting  affords  an  example  of  an  automatically 
controlled  apparatus  almost  perfect  in  its  simplicity  and  efficiency. 

4  Slight  variations  in  the  temperature  of  the  steam  at  the  super- 
heater outlet  with  variations  of  the  output  of  the  generator  between 
fractional  loads  and  heavy  overloads  do  undoubtedly  occur  in  practice, 
but  they  become  practically  insignificant  in  the  great  majority  of 
plants  by  the  time  the  steam  reaches  the  engine  throttle. 

5  Present  practice  in  the  design  and  location  of  superheaters  is 
the  product  of  careful  consideration  of  the  problem  by  manufac- 
turers and  users,  and  it  is  safe  to  say  that  during  the  years  of  progress 
of  steam  power  plants  along  the  lines  of  increase  in  efficiency,  no 
device  has  ever  been  so  generally  adopted  which  saves  as  much  fuel, 
with  as  low  first  cost  and  operating  expense,  as  the  several  standard 
superheaters  of  today. 

6  Theoretical  considerations  of  power  plant  economy,  limited 
by  the  coal  bunker  at  one  end  and  the  crank  shaft  at  the  other,  are 
valuable  as  holding  up  the  mirror  of  perfection,  but  the  manufacturer 
is  to  a  considerable  extent  governed  in  his  standards  by  a  regard  for 
the  fact  that,  though  they  are  philanthropic  and  educational  insti- 
tutions to  a  greater  degree  than  they  are  usually  given  credit  for, 
both  manufacturing  establishments  and  power  plants  must  be  con- 
ducted with  some  degree  of  consideration  for  the  profit  and  loss 
account. 

7  As  an  example  of  what  (to  quote  Mr.  Bolton)  "present  forms 
of  arrangement  for  the  purpose  of  application  of  superheat  to  any 
steam  supply"  will  do,  the  accompanying  table  of  a  test  of  one  of  the 
boilers  in  the  Waterside  Station  of  the  New  York  Edison  Company 
shows  a  reasonably  stable  temperature  of  added  heat.  Numerous 
examples  of  as  good  a  performance  could  be  cited. 

8  As  an  indication  of  the  opinion  of  users  of  boilers  with  super- 
heaters located  in  the  gas  passage  of  the  boilers,  it  may  be  interesting 
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to  know  that,  in  1904,  36  per  cent  of  the  horse  power  output  of  the 
Babcock  and  Wilcox  Company  was  equipped  with  such  superheaters, 
41  per  cent  in  1905  and  61  per  cent  in  1906,  with  the  indications  that 
the  percentage  for  this  year's  business  will  be  considerably  greater. 
9  That  this  paper  reflects  opinions  prevailing  to  some  extent 
today  is  unfortunately  the  fact,  but  the  absence  of  evidence  and 
data  to  substantiate  the  indictment  of  what  is  general  practice  in 
this  countr}^  and   abroad,   is  due  to  the  fact  that  they  do  not  exist 


TABLE  I 

Showing  the  Performance  ok  Babcock  &  Wilcox  Superheater  in  Connection  with 
Babcock  &  Wilcox  650  Horse  Power  Boiler,  at  the  Waterside  Station  op  the 
New  York  Edison  Company 


10 


11 


12 


13 


14 


li  I 

3      '        03 

Q    I     S 


S  s* 


S.2 


■3       t 


Z  <S   i    *  .2 


S  -o 


tATs 


'-'    1) 
E    9    a> 


g  o.~ 


13 

10 

625 

670 

608 

93.5  499 

181.9 

380.3  116.81  96.8,  489.5  109.2  -14.0 

3 

H    736 

596  652  100.0  497  182.0,  380.4  132.9  119.4'  506.3  125.9  +  2.7 

4 

10  1  760 

620  693  106.6  521  182.0 

3S0.4  151.0  126.0  516.3  135.9  +12.7 

8 

10 

758 

645  704  108.1,  521  ,182.4 

380.4  127.0  106.0  496.3  115.9  -  6.3 

2 

lOi 

870 

663 

767 

118.0  515 

184.0 

381.0  139.0  109.0  500.0  118. 9j  -  3.3 

12 

10 

950 

717 

800 

123.0  532 

181.8 

380.0  135.0  118.0  508.8  128.8'  +  5.6 

1 
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and  to  the  fact  that  there  is  no  more  a  demand  for  the  complications 
of  design  and  cost  of  maintenance  and  operation  absolutely  necessary 
to  accomplish  what  Mr.  Bolton  outlines,  than  it  is  a  fact  that  modern 
practice  is,  to  quote  Mr.  Bolton,  "To  place  a  superheating  coil  in  a 
certain  part  of  the  gas  passage  of  a  boiler  where  a  more  or  less  con- 
venient space  exists  in  a  standard  design,  without  regard  for  its 
full  desirability  or  for  a  well  adapted  relation  of  the  superheating 
surface  to  the  path  or  travel,  volume  or  temperature  of  the  gases, 
and  connect  the  steam  supply  to  it  by  strange  and  undesirable  pipe 
connections." 

10    Manufacturers   always   gladly   welcome   definite   suggestions 
supported  by  facts,  looking  to  the  improvement  in  quality  or  effi- 
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ciency  of  their  output,  but  this  Society  ought  to  protect  them  from 
the  effect  produced  on  minds  of  superficial  readers  by  vague  sug- 
gestions of  a  critical  nature. 

Mr.  August  H.  Kruesi  Mr.  Webster  challenges  some  of  the  state- 
ments in  Mr.  Bolton's  paper,  and  discredits  the  statements  as  to  the 
amount  of  superheat  being  dependent  upon  the  conditions  of  firing. 
I  would  like  to  offer  a  few  figures  in  support  of  Mr.  Bolton's  statement, 
taken  on  360  h.  p.  boilers,  with  combined  superheaters;  the  obser- 
vations being  taken  every  twenty  minutes  during  a  24-hour  period. 


Boiler 
no. 

Maximum 
superheat 

Average 
superheat 

Minimum 
superheat 

6 

176 

140 

106 

5 

110 

79 

33 

11 

138 

87 

57 

2  A  fireman  who  could  not  hold  his  steam  pressure  steady  within 
25  pounds  would  not  be  worth  keeping;  but  25  pounds  variation 
in  pressure  corresponds  to  only  10  deg.  variation  in  temperature. 
The  tests  just  cited  exhibited  a  variation  in  temperature  eight  times 
as  great.  They  were  made  on  boilers  in  commercial  service,  hand 
fired,  by  the  best  fireman  available  in  the  locality;  the  station  opera- 
ting a  variable  railway  load.  It  will  be  readily  understood  how 
difficulties  arise  with  piping,  valves  and  gaskets  with  such  extreme 
variations  in  temperatures.  Nothing  like  it  was  ever  known  with 
saturated  steam,  and  I  want  to  endorse  Mr.  Bolton's  plea  for  more 
thorough  design  of  combined  superheaters. 

Mr.  Max  E.  R.  Toltz  Mr.  Bolton's  points  showing  the  present 
defects  of  the  relation  of  superheat  to  the  furnace  are  well  taken  and 
should  be  considered  by  every  one  who  has  charge  of  steam  plants 
which  are  being  brought  to  a  higher  degree  of  economy  by  improving 
the  steam.  The  superheaters  now  in  use  and  located  at  random  in 
present  types  of  boilers  do  not  come  up  to  the  high  standard  at  which 
Mr.  Bolton  aims  because  the  degree  of  superheat  fluctuates  accord- 
ing to  the  temperature  of  the  gases  flowing  around  them,  yet  these 
imperfections  can  be  overcome  by  regulating  the  quantity  of  gases, 
which  is  accomplished  by  dampers  arranged  properly;  but  such  regu- 
lation will  have  to  be  done  either  by  hand  or  automatically.  In 
some  design  of  boilers,  like  the  Heine  or  Franklin,  it  is  by  airmeans 
recommendable  to  locate  the  superheater  either  back  of  the  bridge 
or  at  the  end  of  the  lower  fire  passage,  in  a  double  chambered  reverbe- 
rating furnace,  in  such  manner  that  a  certain  amount  of  the  gas  must 
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pass  through  such  chambers.     This  has  given  good  satisfaction  relat- 
ing to  a  uniform  degree  of  superheat. 

2  Relating  to  Par.  10  regarding  high  temperatures  of  superheat, 
the  design  of  the  superheater  as  well  as  its  location  must  be  considered. 
The  heat  transmission  coefficient  per  degree  of  temperature  difference 
is  so  variable  that  superheaters  of  present  design  transmit  only  from 
2.5  to  3.6  B.t.u.  per  square  foot  per  hour  for  one  degree  tempera- 
ture difference,  while  in  some  cases  superheaters  of  improved  design 
have  transmitted  as  high  as  11  B.t.u. 

3  Another  factor  to  be  considered  is  to  design  engines  for  high 
superheat  differently  than  the  present  ones.  Here  again  we  get  our 
lessons  from  Europe  where  not  engines  only,  but  also  steam  tur- 
bines are  constructed  on  somewhat  different  lines  for  the  use  of 
highly  superheated  steam,  the  main  object  being  to  take  care  of  the 
great  and  sudden  stresses  due  to  expansion  and  contraction. 

4  Par.  23  reads:  "Desirable  results  seem  on  the  face  to  be  more 
readily  obtainable  in  the  separately  fired  type  of  superheaters." 
What  I  like  most  in  this  sentence  are  the  words:  "on  the  face" 
which  embody  a  whole  history  of  bad  moves  made  in  this  direction. 
No  wonder  that  the  engineers  of  our  electrical  companies  make  the 
statement  that  in  steam  turbines  superheated  steam  will  give  a  steam 
saving  but  no  saving  in  fuel,  which,  of  course,  prevents  many  an 
engineer  from  improving  the  steam  by  superheating;  but  on  investi- 
gation it  will  be  found  that  separately  fired  superheaters  were  used 
in  these  tests  which  do  not  give  the  economical  results  of  the  ones 
built  in  the  boiler.  I  will  cite  the  results  of  tests  made  on  a  5000 
horse  power  triple  expansion  engine;  condensing  with  superheated 
steam  of  different  temperatures;  pressure  199  pounds;  temperature  of 
the  steam  381  deg.  fahr.;  cut-off,  4  per  cent;  piston  speed,  16^  feet 
per  second;  automatic  cut-off;  four  poppet  valves;  consumption  of 
saturated  steam  per  indicated  horse  power  hour  11.82  lb. 


Deg.  fahr. 

Per  cent 

Per  cent 

144  superheat 

7  steam  saving 

3  . 0  coal  saving 

part  of  boiler 

144  superheat 

7  steam  saving 

-8 . 0  coal  saving 

separately  fired 

216  superheat 

13  steam  saving 

6 . 0  coal  saving 

part  of  boiler 

216  superheat 

13  steam  saving 

-4.5  coal  saving 

separately  fired 

288  superheat 

19  steam  sa^^ng 

9.0  coal  saving 

part  of  boiler 

288  superheat 

19  steam  sa\-ing 

-1 . 0  coal  saving 

separately  fired 

353  superheat 

22  steam  saving 

11.5  coal  saving 

part  of  boiler 

353  superheat 

22  steam  saA'ing 

1 . 5  coal  saving 

separately  fired 

5     The  engine  developed  5000  indicated  horse  power  at  all  times. 
The  figures  only  show  the  gain  in  the  engine  proper,  to  which  should 
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be  added  from  5  to  7  per  cent  gain  in  pipe  line  due  to  the  use  of  super- 
heated steam. 

6  More  prominent  are  the  gains  derived  from  superheated  steam 
in  a  250  horse  power  compound  engine;  condensing,  pressure  142 
lb.,  temperature  of  saturated  steam  354  deg.  fahr.;  cut-off,  6  per 
cent;  piston  speed,  10  feet  per  second;  automatic  cut-off;  four  piston 
valves;  consumption  of  saturated  steam  per  i.h.p.  hour,  15.73  lb. 


Deg  fahr, 
130  superheat 
130  superheat 
202  superheat 
202  superheat 
274  superheat 
274  superheat 
338  superheat 
338  superheat 


15.0 
15.0 
20.0 
20.0 
26.0 
26.0 
28.5 
28.5 


Percent 
steam  saving 
steam  saving 
steam  saving 
steam  saving 
steam  saving 
steam  saving 
steam  saving 
steam  saving 


Per  cent 
11 .5  fuel  saving 

1 . 5  fuel  saving 
14 . 0  fuel  saving 

4 . 5  fuel  saving 
17.5  fuel  saving 

8 . 5  fuel  saving 
18 . 5  fuel  saving 

9 . 0  fuel  saving 


part  of  boiler 
separately  fired 
part  of  boiler 
separately  fired 
part  of  boiler 
separately  fired 
part  of  boiler 
separately  fired 


7  Here  also  the  gain  in  the  pipe  line  should  be  added. 

8  At  any  rate  a  separately  fired  superheater  should  only  be  used 
where  superheaters  cannot  be  installed  in  the  boiler  proper,  or  where 
conditions  are  such  that  the  superheater  can  be  fired  with  the  out- 
going gases  of  furnaces,  etc. 

9  In  addition  to  the  requirements  as  laid  down  by  Mr.  Bolton  a 
superheater  should  have  the  following  points: 

10  It  should  transmit  the  highest  number  of  British  thermal 
units  per  square  foot  of  heating  surface  per  hour  per  one  degree 
temperature  difference. 

11  The  headers  or  connections  thereof  should  be  outside  of  the 
hot  gases  and  should  be  accessible  at  any  time,  so  that  a  superheater 
element  can  be  exchanged  or  renewed  like  a  boiler  tube. 

12  The  superheater  should  be  so  constructed  that  it  is  practically 
self-cleaning  or  in  other  words,  that  it  will  not  be  necessary  to  blow 
off  soot  and  cinders  with  a  steam  jet. 


The  Author  The  discussion  which  the  paper  has  elicited  has 
added  to  the  available  information  upon  this  phase  of  the  subject 
of  superheating  steam,  and  confirms  the  general  proposition  therein 
made,  that  the  relation  of  the  superheater  to  furnace  conditions  and 
variations  is  worthy  of  more  detailed  study  and  improvement. 

2  Mr.  Rowland  Brown's  observations  indicate  very  clearly  the 
methods  of  relating  the  superheating  surface  to  the  assumed  gas 
temperature,  but  as  Mr.  Toltz  points  out,  the  coefficient  of  heat 
transfer  is  extremely  variable,  the  range  which  he  gives  extending 
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from  2.5  to  11  thermal  units  per  square  foot  per  degree  difference 
per  hour. 

3  I  entirely  concur  in  Mr.  Rowland  Brown's  assertion  that  the 
independently  fired  superheater  is  affected  as  much  as  the  boiler 
setting  t3'pe  by  furnace  fluctuations,  and  I  think  his  statement 
of  the  drop  in  gas  temperature  due  to  door  openings,  may  be  regarded 
as  very  close  to  average  conditions,  but  I  would  add  that  it  must  not 
be  forgotten  that  the  furnace  temperature  itself  is  fluctuating  from 
other  causes,  so  that  the  total  effect  of  variation  on  the  superheater 
is  liable  to  exceed  the  10  to  12  per  cent  which  he  has  observed  as  a 
direct  result  of  door  openings,  and  thus  account  for  the  wide  varia- 
tion recorded  in  many  tests. 

4  The  figures  of  variation  in  superheat  given  by  Mr.  Kruesi, 
form  a  very  practical  illustration  of  my  main  suggestions  which,  it 
is  to  be  noted  in  response  to  Mr.  Webster's  characterization  of  my 
paper,  were  in  no  way  intended  to  criticise  any  one  form  or  tj'pe  of 
setting  or  combination,  and  certainly  not  to  discredit  the  excellent 
work  so  far  accomplished  by  our  leading  boiler  manufacturers,  but 
to  indicate  the  line  on  which  further  advance  could  be  made,  and  in 
which  the  cooperation  of  steam  users  and  manufacturers  is  invited. 

5  The  tests  which  are  offered  by  Mr.  .Webster  as  an  illustration 
of  his  contention  that  present  conditions  do  not  indicate  need  of 
improvement,  are,  when  analyzed,  actually  confirmative  of  the 
desirability  of  the  plea  for  improvement  which  I  put  forward,  and 
a  little  examination  of  the  figures,  divested  of  the  averaging  which  is 
so  often  a  misleading  element  in  such  records,  will  indicate  that  the 
ver}^  features  I  suggested  are  present  in  these  tests. 


'est 

Maximum  rating 
per  cent 

Variation  in 

boiler  output 

per  cent 

Variation  in 

superheat 

per  cent 

13 

93.5 

9i 

20 

8 

108.0 

m 

20 

6  In  the  foregoing,  at  or  near  the  rated  capacity  of  the  boiler, 
moderate  fluctuations  in  output  are  accompanied  by  a  regular 
extent  of  variation  in  superheat. 

7  But  as  soon  as  the  output  is  varied  to  a  greater  extent  the 
furnace  fluctuations  are  reflected  in  irregularities  of  superheat  as 
follows: 


est 

Maximimi  rating 
per  cent 

Variation  in 

boiler  output 

per  cent 

Variation  in 
superheat 
per  cent 

4 

106.6 

22i 

-    20 

1 

132.0 

22i 

22Jt 

3 

100 

23J 

11* 
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And,   when  the    fluctuations    of  boiler  output  become  wider,   the 
variations  of  superheat  become  erratic,  as  follows: 


Test 

Maximum  rating 
per  cent 

Variation  in 
boiler  output 
percent 

Variation  in 
superheat 
per  cent 

2 

lis 

31 

27i 

12 

123 

32 

14.4 

No.  1152 

ENTROPY  LINES  OF  SUPERHEATED  STEAM 

Taken  from  the  Experiments  of  Knoblauch  and  Jakob 

By  prof.  ARTHUR  M.  GREENE,  Jr.,  COLUMBIA,  MO. 

Member  of  the  Society 

The  temperature  entropy  diagram  is  one  of  the  most  powerful  aids 
in  the  study  of  the  action  of  heat  engines  and  it  is  of  especial  value  in 
the  investigation  of  engines,  turbines,  and  refrigerating  machines  using 
volatile  liquids  as  the  working  substance.  For  the  cycles  of  refrig- 
erating machines  it  may  be  applied  rapidly  to  determine  certain  quan- 
tities and  effects  of  proposed  changes  which  would  take  considerable 
calculation;  for  the  steam  engine  it  may  be  applied  to  investigate  the 
losses  and  interchanges  of  heat,  while  for  steam  turbines  it  may  be 
used  for  the  determinations  of  velocit}^  in  the  different  stages  and  to 
show  how  certain  friction  loss  for  one  stage  is  available  for  the  pro- 
duction of  velocit}''  change  in  the  next  stage. 

2  The  modern  use  of  superheated  steam  for  engines  and  turbines 
for  the  purposes  of  increasing  the  efficiency  of  the  machines  has  necessi- 
tated the  construction  of  accurate  constant  pressure  lines  in  the  super- 
heated region  of  the  entropy  diagram  for  the  investigation  of  the 
problems  arising  in  the  study  of  the  heat  interchange  in  the  machine. 
It  is  true  that  one  could  figure  out  the  net  gain  in  pounds  of  coal  per 
horse  power  without  this  but  the  detailed  study  can  only  be  made 
when  the  lines  are  known. 

3  These  lines  depend  on  the  value  of  the  specific  heat  of  super- 
heated steam  at  constant  pressure,  C^.  The  value  of  this  specific  heat 
is  necessary  for  the  determination  of  the  actual  heat  applied  to  bring 
steam  into  a  given  superheated  condition.  The  value  of  C„  was  con- 
sidered as  constant  for  a  number  of  years,  the  value  0.48  determined 
by  Regnault^  being  used.  This  was  seen  to  be  incorrect  and  a  number 
of  investigators  attacked  the  problem.  The  results  of  Grindley  and 
Griesmann  seemed  to  indicate  that  the  specific  heat  increased  with 

ly.  Regnault,  Mem.  de  I'Acad.  des  Sciences  26  p.  167,  1862. 
Presented  at  the  Indianapohs  Meeting  (May  1907)  of  The  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Vohime  29  of  the  Transactions. 
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the  temperature  and  was  independent  of  the  pressure.  This  was 
found  to  be  untrue  in  the  various  experiments  of  Lorenz,  Linde,  Hol- 
born  and  Henning,  Callendar,  Carpenter,  Knoblauch,  and  Jakob.* 
The  results  of  the  last  named  investigators  are  the  best  at  hand  and 
at  present  they  should  be  accepted  as  correct.  The  experiments 
have  been  carefully  performed  and  the  endeavor  has  been  made  to 
eliminate  all  errors.  Their  investigation  is  indeed  an  excellent  piece 
of  work.  Their  original  paper  gives  reference  to  the  works  of  others 
and  explains  the  differences  between  the  conclusions  and  results  of 
the  various  experimenters. 

4  The  results  of  their  work  have  been  given  in  the  Zeitschrift  des 
Vereins  deutscher  Ingenieure,  vol.  51,  p.  81  and  124,  1907.  In  this 
paper  a  diagram  and  table  are  given  showing  the  results  of  the  experi- 
ments. These  are  reproduced  in  Fig.  1  and  Table  1 ,  and  give  the  results 
in  a  gi-aphical  and  tabular  form.  The  curves  are  constructed  by 
extrapolation  from  the  results  of  the  experiments. 

5  The  curves  show  the  value  of  C^  for  different  temperatures  at 
different  pressures.  The  values  are  expressed  in  degrees  centigrade 
and  in  kilograms  per  square  cm.  of  pressure  and  in  heat  units  per 
unit  weight  per  degree  which  is  an  abstract  number.  The  table  gives 
the  values  determined  from  these  curves.  The  variation  of  the  specific 
heat  is  shown  very  clearly,  and  the  great  variation  accounts  for  dis- 
crepancies which  have  appeared  in  work  done  in  earlier  times. 

6  Let  the  curve  shown  in  Fig.  2  be  one  of  the  curves  of  C,,  for  a 
given  pressure  w4th  the  axis  drawn  through  the  zero  values  of  abso- 
lute temperature  and  of  specific  heat.  The  area  beneath  the  curve 
between  the  temperature  of  saturation  and  the  temperature  T^  is 
equal  to  the  heat  added  to  change  one  unit  of  saturated  steam  at  that 
pressure  from  the  point  of  saturation  to  superheated  condition  at  the 
temperature  T2.     The  equation  for  that  is 

H=r^'c,dt  [1] 


JT2 


and  this  is  represented  by  the  area  T^Tz  A"D. 

7  Equation  1  gives  the  amount  of  heat  necessary  for  the  change  of 
one  unit  weight  of  steam  from  the  saturation  point  to  the  superheated 
point  T^.     This  value  could  be  used  in  finding  the  total  heat  required 

^Grindley — Transactions  of  Royal  Society,  Vol.  194,  Sec.  A,  1900;  Griesmann; 
Zeitschrift  Des  Vereins  deutscher  Ingenieure.  Vol.  47,  p.  1852-1880;  Lorenz, 
Zeitsclirif  t  des  Vereins  deutscher  Ingenieure,  Vol.  48,  p.  698;  Holborn  and  Henning, 
Ann.  d.  Phj's.,  18  p.  739;  CaUendar,  Proc.  Royal  Soc.  of  London,  67,  p.  266, 1904; 
Carpenter,  A.  S.  M.  R,  1906-1907.     See  References  by  Knoblauch  and  Jakob. 
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TABLE  1 
Values  of  Specific  Heat  by  Knoblauch  and  Jakob 
Zeitschrift  des  Vereins  deutscher  Ingenieure,  Vol.  51 
Values  of  Cp 


Pressure  p=- 

Sat.  tem.t  = 

Temp.  sat. 
<-100  C 
110  c 
120  C 
130  C 
140  C 
150  C 


t=160 
170 
180 
190 
200 

■-5 

<=210 
220 
230 
240 
250 


t=260  C 
270  C 
280  C 
290  C 
300  C 

<=310  C 
320  C 
330  C 
340  C 
350  C 

t  =  360  C 
370  C 
380  C 
390  C 
400  C 


0  kg,  I  1  kg. 
'     99 


0.463 
0.447  0.463 
0.447  0.463 
0.447  0.462 
0.447  0.462 
0.448  0.462 
0.448  0.462 
i  I 

'0.449  0.461 
0.449  0.461 
0.450  0.462 
0.451  0.462 
0.451  0.462 

0.452  0.462 
0.454  0.463 
0.455  0.464 
0.4570.465 
0.458  0.466 

0.460  0.467 
0.462  0.468 
0.464  0.470 
0.467]0.472 
0.470  0.474 


2kg.    4kg.    6kg.    8kg.  10kg.jl2kg. 
120      143      158      169      179      187 


0.480  0.513  0.548  0.683  0.621  0.660 


0.480 
0.479 

0.477  I 

0.4760.510 


0.475  0.506  0.545 
0.474  0.502  0.536  0.582 
0.474  0.498  0.528  0.566  0.618 
0.473  0.495  0.520  0.552  0.594  0.648 
0.472  0.492  0.513  0.538  0.572  0.613 


0.472 
0.472 
0.472 
0.472 
0.473 

0.473 
0.474 
0.475 
0.477 
0.478 


0.473  0.477  0.481 
0.476  0.480  0.483 
0.479  0.483  0.486 
0.4830.486  0.489 
0.487  0.490  0.492 

0.491  0.494;0. 496 
0.495  0.498  0.500 


0.499 
0.604 
0.609 


0.502  0.504 
0.506  0.508 
0.5110.512 


14kg.ll6kg.  18  kg. 
194      200      206 


0.704  0.7510.807 


0.664  0.751 


0.489  0.507,0.526  0.553  0.583  0.616  0.668  0.760 
0.487  0.502  0.517  0.535  0.558  0.582  0.614  0.662 
0.486  0.497  0.509  0.522  0.538  0.557  0.578  0.607 
0.485  0.494  0.503  0.512  0.523,0.536  0.662  0.670 
0.484  0.491:0.499  0.606  0.514  0.522  0.632  0.644 

1  '1 

0.483  0.490  0.496  0.602  0.508  0.514  0.520  0.627 
0.483  0.489  0.494  0.499  0.504  0.508  0.513  0.617 
0.483  0.488  0.493  0.497  0.501  0.505  0.508  0.511 
0.484  0.489  0.493  0.497  0.500  0.503  0.606  0.508 
0.486  0.490  0.493i0.497'o. 500  0.502  0.504  0.506 

0.487  0.491  0.495;0.498  0.500  0.502  0.504  0.506 
0.489  0.493  0.496  0.499  0.502  0.503  0.505  0.507 
0 .  491  0 .  495  0 .  499  0 .  501  0 .  503  0 .  505  0 .  507  0 .  508 


0.494  0.498 
0.497  0.500 


0.601 
0.503 


0.5000.503  0.606  0.508  0.510 
0.503  0.606  0.509  0.511  0.513 


0.503  0.505  0.507  0.509  0.610 
0.506  0.508  0.509  0.611  0.512 


0.5070. 511 
0.511  0.513 
0.5160.617 


0.512  0.514  0.516 


0.515 
0.519 


0.617  0.519 
0.621  0.522 


20  kg 
211 


0.865 


0.731 
0.649 
0.596 
0.669 

0.536 
0.522 
0.514 
0.510 
0.608 

0.607 
0.508 
0.510 
0.511 
0.513 


0. 6120. 513!0. 5140. 516 
0.5140.5160.5170.518 
0.5170.5190.5200.521 
0.520  0.522  0.523  0.524 
0.523  0.526  0.526  0.627 


to  produce  one  pound  of  superheated  steam  from  water  at  the  freezing 
point  by  the  formula 


Total  heat  =  q  +r  + 


[2] 


This  expression  could  then  be  used  to  find  the  heat  supplied  to  an 
engine  or  other  machine  and  from  it  the  efficiency  could  be  found. 
However  this  may  be  for  general  problem  of  efficiency,  many  of  the 
problems  are  best  solved  by  means  of  the  entropy  diagram  and  for 
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200  ZSo 

Temperature 

FIG.  1    VARIATION  OF  THE  SPECIFIC  HEAT  OF  SUPERHEATED  STEAM 
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that  reason  it  is  necessary  to  construct  the  constant  pressure  lines  in 
the  temperature  entropy  diagram.  From  the  definition  of  entropy  it 
is  known  that  the  entropy  change  from  the  point  of  saturation  to  the 
point  T^  is 


ts^t,    = 


JT2 
C^dt 


[3] 


The  integral  in  Equation  3  is  the  area  of  a  curve  whose  ordinates  have 

C 
the  value   -?  and  whose  abscissae  are  T. 
T 

(J 

8     A  curve  with  ordinates  -^  may  be  constructed  graphically  as 

follows :  From  any  point  A  in  Fig.  2  draw  a  straight  line  to  the  origin. 
This  cuts  a  vertical  line  through  B  at  C.     Let  the  distance  OB  be 


FIG  2    CONSTRUCTION  OF  CURVES  FOR  ^p 

T 

equal  to  K.     Then  since  AA"  is  equal  to  C  and  OA"  equals  T,  BC 


KC 
T 


£ .    Draw  a  horizontal  from  C  to  the  vertical  Hne  A,  this  cuts  A  A" 


in  A',  the  distance  from  the  axis  being 


KC^ 


If  a  number  of  points  A' 


are  constructed  in  this  way  a  dotted  curve  is  formed  whose  ordinates 

KC 
have  the  value        "^  and  whose  abscissae  are  T.     The  area  of  this  for 
T 

the  limits  of  temperature  above  is 

Area  =  —?  dt  =  K 


^ts-^t. 


ts<^t,    = 


Area 
1C 


[4] 

[5] 
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9     Since  the  absolute  zero  is  so  far  to  tlie  right,  the  simpler  and 

(J 
more  accurate  method  is  to  compute  the  values  of  -^  and  plot  these. 

This  has  been  done  for  the  values  of  Table  1  and  the  values  are  given 
in  Table  2  and  Fig.  3.  The  limits  of  the  curves  on  the  left  are  the  points 
of  saturation.  The  curves  are  for  different  pressures  in  kilograms  per 
square  centimeter,  although  curves  for  3  pounds  per  square  inch,  5 
pounds  per  square  inch  and  10  pounds  per  square  inch  have  been 
interpolated. 


.16.00 


14.00 


13.00 


10.00 


8.00 


6.00  X  (10) 


2U0        250        300 

TEMPERATURE  °C. 

FIG.  3     CURVES  FOR    -? 
T 


350 


400 


10  The  reason  for  keeping  the  values  in  French  units  is  that 
the  original  data  are  given  in  those  units  and  that  the  entrop}'  lines 
will  have  the  same  numerical  change  in  units  of  entropy  between 
corresponding  temperatures  in  the  French  and  English  systems  since, 
as  expressed,"  the, 'Unit  entropy  per  unit  mass  is  a  ratio  and  has  no 
dimensions.     This  would  only  change  the  units  on  the  temperature 
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axis  in  making  this  a  diagram  for  the  English  system  of  units.  To  get 
the  curves  of  entropy  at  points  of  pressures  of  an  integral  number  of 
pounds,  interpolation  is  resorted  to,  which  is  shown  in  Par.  13. 

1 1  The  entropy  curves  for  the  liquid  and  for  saturated  steam  are 
then  constructed  using  the  entropy  values  for  saturated  steam  and 
for  the  liquid  as  found  from  Peabody's  Steam  Tables.  To  these 
curves  have  been  added  the  changes  of  entropy  from  the  saturation 
point  to  the  various  temperatures  for  the  purpose  of  finding  the  total 
entropy  change  to  each  temperature.     A  rapid  method  of  finding  the 

(J 
area  to  the  temperature  T^on  the  — ^  curves  without  resorting  to  inte- 
gration with  a  planimeter  is  to  use  the  mean  height  of  the  curves  for 
each  10  degrees.  This  is  legitimate  as  the  curvature  of  the  lines  is 
very  small.  The  values  of  the  entropy  change  for  the  various  pres- 
sures for  a  change  from  the  point  of  saturation  to  the  temperature  T  is 
shown  in  Table  3.  This  table  is  given  for  the  purpose  of  showing 
values  which  may  be  laid  off  on  any  entropy  diagram  for  saturated 
steam  which  differs  from  that  derived  from  Peabody's  tables. 

12  The  curves  are  laid  off  as  shown  in  Fig.  4  and  on  it  are  placed 
lines  of  constant  total  heat  which  are  of  service  in  certain  problems. 

13  The  lines  for  the  pressures  in  kilograms  are  shown  by  faint 
lines.  To  find  the  lines  for  other  pressures,  lines  were  drawn  in  Fig.  5 
in  which  the  abscissae  represented  the  entropy  change  from  a  given 
pressure  hne^  on  any  Une  of  constant  temperature  and  the  ordinates 
represented  the  pressure  corresponding  to  that  change.  In  this  man- 
ner lines  were  drawn  for  750  deg.  f  ahr.  to  300  deg.  fahr.  at  intervals  of 
50  deg.  fahr.  If  now  a  horizontal  line  were  drawn  q,t  any  pressure  in 
pounds  per  square  inch  the  intersepts  by  these  curves  would  give  the 
change  in  entropy  from  one  line  of  pressure  to  the  desired  curved 
constant  pressure  line  at  the  different  temperatures.  From  these 
values  the  curves  of  constant  pressures  for  integral  pounds  per  inch 
were  drawn. 

14  In  the  same  manner  Unes  for  10  pounds  per  square  inch,  5 
pounds  per  square  inch,  and  3  pounds  per  square  inch  were  con- 

(j 
structed  in  Fig.  3.     From  these  the  values  of  -^  were  measured  and 

these  gave  the  corresponding  entropy  Unes  in  Fig.  4.  The  curves  in 
Fig.  3  were  completed  by  finding  the  value  of  C'p  at  the  point  of 
saturation  by  the  formula  of  Knoblauch  and  Jakob. 

'  The  particular  pressure  line  from  which  measurements  are  made  is  shown 
by  the  pressure  at  which  the  various  curves  cut  the  radial  axis. 
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2.52  X  10» 
(Cp)sat   =0.41  +  ^^_7,-y  [6] 

{T^  =  638  deg.  cent,  absolute  =  Critical  temp.) 

and  from  it  determining  the  end  point  of  the  curve. 

15  The  values  of  the  heats  added  from  the  saturation  point  to 
the  various  temperatures  of  superheat  for  the  various  pressures  were 
found  from  the  lines  of  specific  heat  by  the  method  used  in  finding  the 
entropy,  and  are  given  in  Table  4.  To  these  are  added  the  total  heat 
of  the  steam  at  saturation  to  find  the  total  heat  necessary  to  change  a 
pound  of  water  at  the  freezing  point  into  steam  at  the  superheated 
point  when  the  pressure  is  kept  constant.  The  heats  at  different 
temperatures  were  plotted  and  from  these  the  temperatures  corre- 
sponding to  definite  heats  were  found  for  the  purpose  of  plotting  the 
lines  of  constant  heat. 

16  The  curves  of  total  heat  against  temperature  show  first  of  all 
that  the  heats  of  saturation  lie  on  a  straight  line  according  to  the 
formula  for  total  heat.  The  lines  for  different  pressures  show  consider- 
able variation  from  each  other  at  these  points.  As  the  lines  are 
carried  into  the  superheated  region  they  approach  each  other  so  that 
at  a  temperature  of  750  deg.  fahr.  a  variation  of  pressure  from  280 
to  15  pounds  is  produced  by  an  addition  of  9 J  heat  units.  This 
shows  that  in  the  superheated  region  the  total  heat  varies  little  with 
the  pressure.  As  the  temperature  increases  the  superheated  steam 
becomes  more  nearly  a  gas. 

17  I  wish  to  acknowledge  my  indebtedness  to  Mr.  E.  A.  Fessenden 
of  the  University  of  Missouri  for  his  assistance  in  drawing  the  plates 
and  in  aiding  me  in  this  work. 


288 


ENTROPY    LINES    OF   SUPERHEATED    STEAM 


to 

- 

— 

— 





— 





\ 

\ 

\ 

\ 

\ 

• 

\ 

\ 

\ 

\ 

1 

v 

\ 

V 

, 

\ 

\ 

^ 

1 

\m 

Wf 

OLf 

TIC 

n  ( 

AiK 

/c 

'on 

Pi 

i.4 

: 

\ 

I 

\ 

% 

10 

\ 

\\ 

^ 

50' 

f: 

\^ 

\ 

55< 

fh 

\ 

8 

r* 

50'- 

f» 

fr. 

\ 

\ 

■^ 

A 

m 

tU 

P« 

-«^ 

in.. 

\ 

\ 

A 

\ 

, 

s 

^. 

__ 

i^ 

to 

U- 

p0^ 

M. 

'in 

\j 

S(f 

F. 

^ 

\ 

\^ 

\ 

s 

\ 

•  r 

\ 

!^ 

^ 

\ 

N 

^. 

\ 

\ 

^ 

^. 

\ 

\ 

^ 

^^ 

s 

N 

V 

N 

^ 

s, 

^ 

.^ 

^ 

*^ 

^ 

■^ 

. 

0.100  o.zoo  oaoo 

FIG,  5    CURVES  FOR  INTERPOLATION 


No.   1153 

THE  COLE  LOCOMOTIVE  SUPERHEATER 

Notes  Concerning  the  Performance  of  the  Cole  Superheater 
AS  Applied  to  the  Purdue  University  Locomotive, 

"SCHNECTADY    No.    3" 

By  Prof.  W.  F.  M.  GOSS,  LAFAYETTE,  IND. 
Member  of  the  Society 

The  experimental  locomotive  of  Purdue  University  (Sclienectady 
No.  2)  whicli  was  originally  designed  to  supply  and  to  operate  upon 
saturated  steam,  has  recently  been  equipped  with  a  Cole  superheater 
and  has  since  been  known  as  Schenectady  No.  3. 

2  The  Cole  superheater,  as  applied  to  this  locomotive  consists 
chiefly  of  a  series  of  return  tubes  extending  inside  of  certain  of  the 
flues  which  make  up  a  portion  of  the  direct  heating  surface.  To 
make  room  for  the  superheater  the  upper  central  portion  of  the  usual 
flue  space  is  taken  by  sixteen  5  inch  flues,  which  are  reduced  to  a 
diameter  of  4  inches  for  7  inches  of  their  length  at  the  fire-box  end, 
and  increased  to  a  diameter  of  5  A  inches  at  the  front  tube  sheet. 
They  have  a  length  between  flue  sheets  of  138  inches.  In  each  of 
these  sixteen  flues  there  is  an  upper  and  a  lower  line  of  superheating 
tubes.  Each  line  extends  from  a  steam  pipe  header  in  the  smoke- 
box  back  into  its  flue  to  a  point  near  the  back  tube  sheet,  where  it 
meets  and  is  screwed  into  a  return  fitting  of  special  design.  From 
the  second  of  the  two  openings  in  this  fitting,  a  similar  pipe  extends 
forward  through  the  flue  and  into  the  smoke-box  to  a  second  header, 
from  which  branch  pipes  lead  to  the  cylinders.  Altogether 
there  are  32  of  these  loops.  In  13  of  the  flues,  the  lower  loops  are 
116 1  inches  long,  extending  into  the  flue  within  2  feet  5  inches  of  the 
back  tube  sheet.  In  the  other  three  flues,  the  loops  are,  respectively, 
3  feet,  2  feet,  and  1  foot  shorter  than  the  normal.  The  upper  loop 
in  each  flue  is  in  all  cases  approximately  9  inches  shorter  than  the 

Presented  at  the  Indianapolis,  Ind.,  Meeting  (May  1907)  of  The  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of  the  Trans- 
actions. 
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lower  loop.     The  headers  to  which  the  pipes  of  the  superheater  con- 
nect at  the  smoke-box  end  are  of  cast  steel.     They  have  walls  |  inch 
thick  and  are  cored  in  such  a  manner  that  all  steam  passing  the 
throttle  of  the  locomotive  must  pass  some  one  of  the  several  loops. 

3  The  following  dimensions  and  constants  will  be  of  interest: 

HEATING    SURFACE    OF    BOILER    AS    DESIGNED    FOR    SUPPLYING    SATURATED    STEAM 
PRIOR  TO   THE  TIME   WHEN   IT  WAS  FITTED   WITH  A   SUPERHEATER 

Number  of  2  inch  flues 200 

Length  of  flues,  feet 1 1 .  47 

Heating  surface  in  flues,  fire  side,  square  feet 1086 

Heating  surface  in  fire-box,  square  feet 126 

Total  heating  surface,  square  feet 1212 

HEATING    AND    SUPERHEATING    OF    BOILER    AS    NOW    EQUIPPED    WITH     THE     COLE 

SUPERHEATER 

Number  of  2  inch  flues Ill 

Number  of  5  inch  flues 16 

Length  of  flues,  feet 11 .47 

Heating  surfaces  in  flues,  fireside,  square  feet 817 

Heating  surface  in  fire  box,  square  feet 126 

Total  water  heating  surface,  square  feet 943 

Outside  diameter  of  superheater  tubes,  inches IJ 

Number  of  loops 32 

Average  length  of  pipe  per  loop,  feet 17 .  27 

Total  superheating  surface  based  upon  outside  surface  of 

tubes  only  (surf ace  of   headers  neglected),   square  feet,       193 

Total  heating  and  superheating  surface,  square  feet 1136 

CHANGES  IN  EXTENT  OF  HEAT  TRANSMITTING  SURFACE  RESULTING  FROM  THE 
ADDITION   OF  SUPERHEATER 

2  in.  tubes  displaced  to  make  room  for  superheater: 

Number 89 

Per  cent  of  original  number 44 

Direct  heating  surface  displaced  to  make  room  for  super- 
heater: 

.       Squarefeet 269 

Per  cent  of  original  area 22 

Heat  transmitting  surface  lost  by  the  change  as  shown 
by  comparing  the  original  heating  surface  with  the 
sum  of  direct  and  superheating  surface  of  the  recon- 
structed boiler : 

Square  feet 76 

Per  cent  of  original  surface 6 

Ratio  of  the  superheating  surface  to  direct  heating  sur- 
face in  the  reconstructed  boiler 0.2 

4  For  the  purpose  of  observing  performance,  thermometers  read- 
ing 750  degrees  fahr.  were  inserted  in  each  of  the  two  branch  pipes 
extending  between  the  superheater  and  cylinders,  in  the  discharge 


THE  COLE  LOCOMOTIVE  SUPERHEATER 


291 


side  of  all  loops,  six  in  number,  the  length  of  which  varied  from  the 
normal,  and  in  the  upper  loop  of  the  right  hand  upper  flue,  which 
loop  is  of  normal  length.  All  thermometers  were  in  wells  thoroughly 
jacketed  by  a  current  of  steam  flowing  from  the  stream,  the  tem- 
perature of  which  was  sought. 

5  The  results  show  that  the  degree  of  superheat  in  the  steam 
delivered  to  cylinders  is  largely  affected  by  the  rate  of  evaporation. 
Thus  in  Fig.  1  the  average  degree  of  superheat  as  shown  by  readings 
taken  from  the  two  branch  pipes  is  plotted  against  the  rate  of  evapor- 
ation. It  shows  that  as  the  evaporation  per  square  foot  of  heating 
surface  per  hour  is  increased  from  7  pounds  to  15  pounds,  the  degree 
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of  superheat  rises  from  122  to  188  degrees  fahr.  For  all  tests  repre- 
sented upon  this  diagi-am  each  pound  of  steam  delivered  received 
from  the  direct  heating  surface  approximately  1160  B.t.u.  and  from 
the  superheating  surface  from  70  to  104  B.t.u.  depending  upon  the 
rate  of  power  at  which  the  boiler  was  worked.  This  fact  is  of  especial 
interest  when  it  is  remembered  that  the  extent  of  superheating  sur- 
face is  one-fifth  that  of  the  direct  heating  surface. 

6  Another  expression  of  the  fact  to  which  attention  has  already 
been  called  is  well  set  forth  by  Fig.  2,  which  shows  the  per  cent  of  the 
total  heat  taken  up  by  the  water  and  steam  which  is  absorbed  by  the 
superheater,  plotted  in  terms  of  smoke-box  temperature.     It  will  be 
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seen  that  as  the  temperature  of  the  smoke-box  changes  from  600 
deg.  fahr.  to  800  deg.  fahr.,  the  heat  absorbed  by  the  superheater 
rises  from  5.6  per  cent  to  8.5  per  cent  of  the;  total  taken  up  by  the 
water  and  steam. 

7  The  degree  of  superheating  obtained  from  loops  of  different 
lengths  is  shown  graphically  by  Fig.  3.  It  will  be  seen  that  the  amount 
of  superheating  obtained  increases  rapidly  as  the  loop  is  increased 
in  length.  This  results  from  the  fact  that  each  increment  in  the  length 
of  the  loop  carries  the  superheating  element  nearer  the  fire-box  and 
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serves  to  increase  the  average  temperature  to  which  the  whole  loop 
is  exposed.  The  effect  therefore  is  twofold;  first,  that  resulting 
from  an  increase  of  superheating  surface,  and  second,  that  resulting 
from  an  exposure  of  that  surface  to  a  higher  average  temperature. 
The  basis  for  these  observations  (Fig.  3)  was  supplied  by  the  super- 
heating loops  arranged  in  three  flues  making  up  a  portion  of  the  left 
hand  vertical  row.  The  lower  loops  in  those  flues  were,  respectively, 
80  inches,  92  inches  and  105  inchos,  while  the  upper  loops  were, 
respectively,  71  inches,  84  inches  and-  96  inches.     A  review  of  the 
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plotted  points  at  once  discloses  the  fact  that  a  higher  degree  of  super- 
heating is  obtained  from  the  lower  loop  of  a  given  length  than  is  possible 
from  an  upper  loop  of  the  same  or  even  greater  length.  Comparing 
results  as  obtained,  it  appears  that  the  lower  loop  in  a  given  flue,  while 
but  a  few  inches  longer  than  the  upper  loop,  gives  from  25  to  30  per 
cent  more  superheating  effect.  This  probably  is  to  be  accepted  as  a 
measure  of  the  advantages  which  come  to  that  element  of  the  super- 
heating surface  which  is  first  to  receive  the  flow  of  the  current  of 
moving  gases,  though  it  is  not  impossible  that  the  lower  loop  may 
claim  some  advantages  from  its  position  in  the  flue. 
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8  It  has  been  observed  that  the  average  temperature  of  the 
steam  in  the  two  branch  pipes  is  always  less  than  the  calculated 
temperature,  assuming  all  superheating  loops  to  give  the  same  per- 
formance as  those  which  are  under  observation.  A  reason  for  this 
must  be  found  in  the  difference  in  the  volume  or  quality  of  the  furnace 
gases  transmitted  by  the  several  flues. 
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CYLINDER    PERFORMANCE 

9  While  a  full  analysis  of  the  cylinder  performance  of  the  loco- 
motive must  be  reserved  for  another  time,  it  is  proper  here  to  note 
that  when  served  with  saturated  steam  (locomotive  "Schenectady 
No.  2"),  its  performance  under  normal  condition  of  running  was  repre- 
sented by  a  range  of  from  24  to  27  pounds  of  steam  per  indicated 
horse  power  hour.  After  being  equipped  with  a  superheater,  sub- 
stantially the  same  locomotive  ("Schenectady  No.  3")  delivers  under 
ordinary  conditions  of  running  an  indicated  horse  power  upon  the 
consumption  of  from  20  to  22  pounds  of  superheated  steam  per  hour, 
a  difference  of  about  17  per  cent.  The  saving  of  coal,  however,  is  far 
less  than  that  of  steam,  the  average  for  a  considerable  number  of 
tests  being  between  6  and  7  per  cent. 

10  The  writer  acknowledges  indebtedness  to  Mr.  L.  E.  Endsley 
in  charge  of  the  locomotive  laboratory  of  Purdue  University,  under 
whose  immediate  direction  all  tests  have  been  run. 

DISCUSSION 

Mr.  Francis  J.  Cole  In  any  form  of  superheater,  the  best  results 
are  obtained  by  causing  the  saturated  steam  to  flow  in  an  oppo- 
site direction  to  the  flue  gases,  so  that  the  steam  will  receive  its 
initial  superheat  at  the  point  farthest  removed  from  the  furnace 
and  consequently  at  the  lowest  temperature,  and  traveling  thence 
to  the  point  of  highest  temperature  nearest  to  the  furnace,  and  from 
there  being  conveyed  to  the  cylinders  without  transfer  of  heat.  In 
this  way  there  would  be  a  difference  of  200  to  300  deg.  or  more  of 
heat  at  all  times  between  the  saturated  steam  and  the  flue  gases. 

2  In  the  ordinary  forms  of  locomotive  superheaters,  in  which 
the  loops  are  placed  inside  of  large  tubes  (usually  5  inches  outside 
diameter),  these  conditions  are  met  in  the  first  leg  of  the  loop,  but  in 
returning  to  the  front  of  the  boiler  the  condition  is  reversed  and  the 
direction  of  flow  of  the  steam  is  the  same  as  that  of  the  gases;  conse- 
quently just  before  the  steam  passes  into  the  steam  pipes  and  thence 
to  the  cyUnders,  there  is  not  sufl^icient  difference  of  temperature 
between  it  and  the  gases  to  absorb  the  greatest  amount  of  heat. 

3  There  are  practical  difficulties  in  the  way  of  improving  this 
condition  and  it  is  probable  that  superheaters  of  the  usual  construc- 
tion, which  include  the  Schmidt,  the  Vaughan-Horsey  and  the  one 
under  consideration,  represent  the  best  compromise  that  can  be 
made. 


THE    COLE    LOCOMOTIVE    SUPERHEATER  295 

4  While  many  road  tests  have  been  made  to  determine  the 
economy  of  superheated  steam,  the  writer  knows  of  none  made 
with  the  degree  of  refinement  and  the  large  number  of  temperature 
observations  at  the  different  parts  of  the  apparatus  represented  in 
those  made  by  Dr.  Goss. 

5  It  is  interesting  to  note  the  difference  in  the  amount  of  heat 
absorbed  by  the  steam  in  passing  through  the  upper  and  lower  loops, 
showing  that  even  when  of  the  same  length,  the  superheating  surface 
is  less  efficient  in  the  upper  than  in  the  lower  loop.  This  suggests 
the  idea  that  by  placing  the  return  bends  vertically,  and  allo-vvdng 
the  saturated  steam  to  flow  first  into  the  upper  pipe,  that  the  condi- 
tions would  be  improved,  as  it  would  flow  forward  when  exposed  to 
the  highest  temperature.  This  would  more  nearly  comply  vnih  the 
theoretical  conditions. 

6  It  has  been  customary  recently  in  road  tests  to  take  the  temper- 
ature readings  of  the  superheated  steam  at  the  cylinders,  placing 
the  thermometers  directly  in  the  steam  chest,  or,  in  the  case  of  piston 
valves  with  inside  admission,  in  the  upper  part  of  the  central  cavity 
of  the  valve  chest,  where  the  live  steam  flows  in  on  its  way  through 
the  ports  to  the  cyUnders.  The  temperature  readings  of  the  report 
under  discussion  were  made  in  the  steam  pipes,  and  the  probable 
difference  in  temperature  of  the  readings  taken  there  and  in  the 
cyhnder  would  be  approximately  25  to  30  deg. 

7  Regarding  the  difference  in  temperature  of  the  steam  in  the 
three  groups  of  pipes  which  were  purposely  shortened,  it  seems  to  be 
a  question  of  length,  although  it  would  be  fair  to  suppose  that  when 
the  loop  was  nearer  the  fire  box  the  temperature  would  be  higher  in  a 
greater  degree  than  proportionately  to  the  length.  However,  an 
examination  of  Fig.  3  shows  that  10  in.  difference  in  length  makes  a 
difference  of  27  deg.  or  about  20""per  cent,  the  steam  apparently 
receiving  1.7  degrees  of  superheat  for  each  inch  in  length  for  tubes 
80  in.  long,  1.77  for  tubes  92  in.  long,  and  1.81  for  tubes  105  in.  long. 

8  There  is  a  practical  hmit,  however,  to  the  length  of  these  flues, 
which  in  the  present  instance  were  normally  29  in.  from  the  back  tube 
sheet.  This  is  probabh'  as  near  the  furnace  as  they  could  be  carried 
without  danger  of  burning  or  bUstering  the  ends.  It  seems  necessary 
to  locate  them  some  distance  away  from  the  direct  action  of  the 
flames,  so  that  the  temperature  of  the  flue  gases. will  be  considerably 
lowered  before  coming  in  direct  contact  with  the  superheater  tubes. 

Mr.  Henry  H.  Vaughan  The  arrangement  of  the  superheater  in 
the  locomotive  Schenectady  No.  3  employs  a  rather  greater  number 
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of  5  in. -flues  than  has  been  generally  used  on  the  Canadian  Pacific. 
On  their  engines  378  2  in. -flues  in  an  ordinary  engine,  have  been 
changed  to  248  2  in.-flues  and  22  5  in.-flues  on  a  superheater  engine, 
or  36  V  per  cent  of  the  2  in.-flues  have  been  replaced  by  5  in.-flues. 
In  the  Schenectady  engine  44^  per  cent  have  been  replaced,  and  the 
arrangment  has  evidently  not  worked  out  quite  as  well  as  with  the 
Canadian  Pacific,  where  5.9  2-inch  flues  are  the  equivalent  of  one 
5-in.,  whereas  on  the  Purdue  locomotive  one  5-in.  takes  the  place 
6.9  2-in.  tubes,  and  there  is  therefore  a  sUghtly  greater  loss  in  evapora- 
ting surface.  On  some  engines,  however,  the  Canadian  Pacific  has 
used  24  5  in.-flues  in  place  of  22  with  the  same  size  shell,  so  that  the 
Purdue  locomotive  is  between  the  Hmits  thus  far  successfully'  used  in 
locomotive  practice. 

2  The  results  given  by  Professor  Goss  as  to  the  amount  of  super- 
heat in  the  tubes  of  different  lengths  are  exceedingly  interesting. 
It  is,  however,  of  importance  to  know  the  location  of  the  tubes  in  the 
boilers  in  which  the  temperature  was  measured.  It  is  quite  prob- 
able that  the  amount  of  superheat  coming  from  two  tubes  of  the 
same  length  varies  according  to  their  position,  as  the  tubes  nearer 
the  top  might  carry  a  much  larger  proportion  of  the  steam  flowing 
through  the  superheater  than  those  at  the  bottom.  In  other  words 
the  steam  might  be  short  circuited  through  the  upper  tubes,  and  as 
the  amount  of  superheat  wall  vary  more  or  less  inversely  as  the  rate  of 
flow  of  steam  through  the  different  tubes,  a  higher  degree  of  super- 
heat would  be  expected  through  the  tubes  farthest  from  the  header, 
or  at  any  rate,  through  the  tubes  through  which  the  smallest  flow  of 
steam  takes  place,  although  it  would  be  difficult  to  state  whether 
they  would  or  would  not  be  those  closest  to  the  header. 

3  There  is  also  a  possibility  of  a  difference  in  the  amount  of  super- 
heating as  the  distribution  of  the  draft  is  changed.  It  has  been 
found  that  a  considerable  difference  can  be  made  where  brick  arches 
are  employed,  as  by  the  adjustment  of  this  arch  more  or  less  heat 
may  be  thrown  through  the  upper  tubes. 

Mr.  August  H.  Kruesi  The  manufacturers  of  turbines  have  never 
been  backward  in  offering  data  upon  this  subject.  A  rough  approxi- 
mate statement  would  be  that  the  steam  consumption  ^ would  be 
reduced  1  per  cent  for  each  12^  per  cent  of  superheat,  depending 
somewhat  on  the  amount  of  superheat.  For  example,  200  deg. 
superheat  would  probably  change  the  consumption  1  per  cent 
for  every  14  deg.,  whereas  75  deg.  superheat  would  probably  change 
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the  consumption  1  per  cent  for  every  11  deg.  In  other  words,  a 
moderate  amount  of  superheat  gives  a  relatively  larger  improvement 
per  unit  of  superheat. 

2  Manufacturers  of  boilers,  so  far  as  I  have  been  able  to  learn, 
have  been  backward  in  giving  out  information  as  to  the  amount 
of  coal  required  for  a  given  amount  of  superheat  in  combined  super- 
heater boilers.  We  have,  therefore,  had  to  depend  for  such  informa- 
tion on  those  not  directly  interested  in  either  kind  of  apparatus. 

3  I  endeavored  to  give  one  or  two  definite  test  results  relating  to 
plant  economy,  in  my  discussion  of  Mr.  Barrus'  paper  and  I  stated 
that  in  a  particular  test,  with  combined  superheaters,  200  deg. 
superheat  showed  no  substantial  gain  in  coal  consumption.  The 
point  I  want  to  bring  out  now  is  that  I  do  not  mean  by  this  that 
superheat  in  general  is  not  desirable.  In  fact,  I  consider  it  very 
desirable,  not  only  as  regards  fuel  economy,  but  for  several  other 
reasons. 

4  I  stated  my  opinion,  that  with  small  size  turbines,  if  the 
capacity  of  the  plant  is  not  considered  to  be  great  enough  to  justify 
the  employment  of  high  grade  engineers,  the  use  of  superheat  will 
not  be  warranted;  not  because  it  is  not  economical,  but  because  its 
employment  requires  close  and  intelligent  attention  on  the  part  of 
the  operators,  and  as  I  have  the  operating  difficulties  in  mind  (and 
not  because  of  any  doubt  as  to  the  ability  of  high  superheat  to  effect 
a  reduction  in  coal  consumption),  I  recommended  a  moderate  amount 
of  superheat.  A  number  of  considerations  aside  from  economy  must 
control  the  decision  on  this  point.  I  believe  75  deg.  at  the  tur- 
bine or,  roughly,  100  deg.  at  the  boiler,  will  justify  its  use  as  far  as 
economy  is  concerned,  by  effecting  3  or  4  per  cent  improvement  any- 
way; for  larger  plants  about  125  deg.  may  be  used.  It  might  be 
well  to  go  higher,  but  anything  above  this  figure  is  open  to  question. 
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PLANT  A 

My  experiences  with  superheated  steam  date  back  to  1874.  They 
began  at  the  Massachusetts  Institute  of  Technology  in  connection 
with  the  "Dixwell"  experiments.  The  plant  on  which  these  experi- 
ments were  made  consisted  of  an  ordinary  36-inch  vertical  fire  box 
boiler  set  in  brick  work  and  provided  with  a  Dutch-oven  furnace,  a 
rectangular  cast  iron  superheater  set  over  an  independent  furnace, 
and  an  8  in.  by  24  in.  non  condensing*  Corliss  engine. 

2  The  superheater  here  proved  unreliable.  It  cracked  after  a 
short  time,  and  was  abandoned.  Later  the  vertical  boiler  was  found 
to  answer  every  purpose  by  simply  carrying  the  water  to  a  low  point, 
and  exposing  considerable  steam  heating  surface  to  the  action  of  the 
products  of  combustion.  The  temperature  of  the  steam  was  regu- 
lated by  the  activity  of  the  fire.  This  apparatus  proved  to  be  a  most 
satisfactory  form  of  superheater.  With  it  there  was  no  difficulty  in 
maintaining  a  temperature  of  600  degrees  fahr.  and  superheating  all 
the  steam  that  was  required  by  the  8  in.  by  24  in.  engine. 

3  The  object  of  the  Dixwell  experiments  was  to  show  that  the 
degree  of  superheating  necessary  to  prevent  cylinder  condensation 
varied  in  direct  proportion  to  the  ratio  of  expansion.  On  the  engine 
in  question,  with  a  ratio  of  expansion  of  3  to  2,  the  number  of  degrees 
required  was  about  110;  with  a  ratio  of  2^  to  1,  the  number  was 
increased  to  146  degrees,  and  with  a  ratio  of  4  to  1,  it  was  still  further 
increased  to  190  degrees.  As  a  telltale,  indicating  when  the  conden- 
sation in  the  cylinder  was  suppressed,  a  cylinder  pyrometer,  which 
was  similar  in  outward  appearance  to  any  metallic  pyrometer,  was 
inserted  through  the  wall  of  the  cylinder  in  such  a  position  as  to  lie 
diametrically  across  the  cylinder  just  beyond  the  counter-bore,  and 
a  cavity  was  cut  in  the  inside  face  of  the  cylinder  head  to  make  room 
for  it.     The  action  of  this  instrument  proved  an  interesting  and 
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important  feature  of  the  work.  When  the  engine  was  running  with 
ordinary  saturated  steam,  the  pyrometer  responded  to  the  variations 
of  temperature  in  the  cyUnder,  and  during  every  revolution  the 
index  hand  vibrated  over  a  range  of  20  to  25  degrees  of  temperature. 
It  jumped  to  the  highest  point  at  the  beginning  of  the  stroke  when 
the  steam  was  admitted,  and  then  fell  off  to  the  lowest  point  during 
expansion  and  exhaust.  When  the  steam  began  to  be  superheated, 
the  range  of  vibration  began  to  diminish,  and  when  the  temperature 
rose  to  a  sufficient  degree,  the  vibrations  disappeared  altogether,  and 
the  pyrometer  indicated  a  constant  temperature.  The  latter  was 
slightly  above  the  normal  for  the  initial  pressure.  It  is  thus  seen 
that  with  the  4  to  1  ratio  of  expansion  and  190  degrees  superheat  at 
the  throttle  valve,  there  was  a  very  large  drop  in  temperature  in  the 
short  distance  between  the  throttle  valve  and  the  interior  of  the 
cylinder,  that  distance  being  not  more  than  two  linear  feet. 

4  In  connection  with  this  work,  an  interesting  experiment  was 
made  to  demonstrate  to  what  extent  the  drop  in  temperature  between 
the  throttle  valve  and  the  cylinder  was  due  to  heat  converted  into 
work.  The  engine  was  stopped,  and  the  four  valves  set  wide  open. 
Then  the  throttle  valve  was  adjusted  to  such  an  opening  as  to  dis- 
charge steam  at  the  same  rate  as  was  consumed  when  the  engine  was 
running.  With  a  ratio  of  expansion  of  2^  to  1  and  a  temperature  of 
450  degrees  at  the  throttle  valve,  the  cylinder  temperature  was  70 
degrees  lower  and  the  exhaust  pipe  temperature  140  degrees  lower 
when  the  engine  was  running  than  when  the  steam  was  blowing 
through.  In  another  case  with  a  ratio  of  3  to  2  and  410  degrees  tem- 
perature at  the  throttle,  the  cylinder  temperature  was  45  degrees 
lower  and  the  exhaust  temperature  120  degrees  lower  with  the  en- 
gine running  than  mth  the  steam  blowing  through.  A  comparatively 
small  portion  of  the  drop  in  temperature  was  therefore  due  to 
radiation  losses,  and  a  large  portion  to  the  conversion  of  heat  into  work. 

PLANT  B 

5  The  next  experience  was  with  a  superheater  of  the  Bulkley 
type,  set  over  an  independent  furnace,  and  surmounted  by  a  coil  of 
wrought  iron  pipes.  The  area  of  exterior  surface  in  the  main  super- 
heater, which  consisted  of  two  "  U"  sections,  was  some  60  square  feet, 
and  that  in  the  added  pipes  about  60  feet  more,  making  a  total  of 
about  120  square  feet.  The  area  of  grate  surface  was  7  square  feet. 
This  apparatus  readily  heated  the  steam  made  by  an  80  horse  power 
boiler,  which  was  75  feet  away,  to  any  temperature  desired.     On  a 
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test  it  was  found  that  one  pound  of  anthracite  coal,  containing  15  per 
cent  of  ash  and  refuse,  superheated  50  pounds  of  steam  228  degrees, 
besides  evaporating  the  moisture  due  to  condensation  in  the  steam 
pipe,  and  whatever  moisture  came  over  from  the  boiler.  The  steam 
pressure  was  75  pounds. 

PLANT  C 

6  Another  experience  with  a  superheater  of  the  Bulkle}'  type  was 
a  case  w^here  the  attachment  was  made  to  a  horizontal  return  tubular 
boiler.  The  boiler  was  one  of  a  plant  of  two,  the  shells  of  which  were 
48  in,  in  diameter  and  16  ft.  long,  used  in  running  a  16  in.  by  36  in. 
non-condensing  four-valve  engine.  In  this  engine  the  steam  valves 
were  of  the  double  poppet  type,  and  the  exhaust  valves,  plain  slide 
valves.  All  the  steam  passed  through  the  superheater.  A  test  was 
made  before  and  after  the  installation.  The  consumption  of  small 
anthracite  coal  before  the  application  was  4.4  pounds  per  indicated 
horse  power  per  hour.  When  the  superheater  was  applied,  the  tempera- 
ture was  raised  66  degrees  and  the  coal  consumption  was  reduced  to 
4.1  pounds  per  indicated  horse  power,  the  saving  being  about  6  per 
cent.  The  superheating  in  this  case  was  not  sufficient  to  whoUv  pre- 
vent condensation.  A  cylinder  pyrometer  which  showed  a  vibration 
of  48  degrees  with  saturated  steam,  still  gave  22  degrees  with  the 
limited  superheating. 

7  The  superheater  in  this  case  was  located  behind  the  bridge  wall 
in  the  manner  usually  followed  for  this  type  of  boiler,  and  the  only 
heat  to  which  it  was  exposed  was  that  radiated  downward  from  the 
products  of  combustion  passing  under  the  boiler  shell.  With  a  view 
to  increasing  the  degree  of  superheating,  an  independent  furnace  was 
built  under  the  superheating  pipes,  having  fire  and  ash  doors  placed 
in  the  side  wall.  The  grate  had  an  area  of  7  square  feet.  By  burning 
5^  pounds  of  coal  per  square  foot  of  grate  per  hour  the  superheating 
was  increased  to  165  degrees,  and  the  vibrations  of  the  pyrometer 
were  reduced  to  17  degrees.  Under  these  circumstances,  a  test  with 
the  superheater  shut  off  gave  a  consumption  of  4.21  pounds  of  small 
anthracite  coal  per  indicated  horse  power  per  hour,  and  with  the 
superheater  running  under  the  conditions  noted,  4.04  pounds.  The 
saving  was  4  per  cent.  The  decrease  in  evaporation  per  pound  of 
coal  due  to  the  superheater  was  10.2  per  cent. 

PLANT  D 

8  Still  another  experience  was  with  a  Bulkley  superheater,  this 
one  being  arranged  in  three  sections,  and  set  in  an  independent 
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furnace.  The  heating  surface  was  about  90  square  feet,  and  the 
grate  surface  about  6  square  feet.  It  was  arranged  for  superheating 
the  steam  used  by  a  21  in. and  42  in.  by  48  in.  compound  Wolff  engine. 
This  engine  had  sUde  valves  for  initial  steam  and  final  exhaust,  and 
cylindrical  valves,  similar  to  the  Corliss,  for  the  exhaust  of  the  high 
pressure  cylinder,  which  served  also  as  the  admission  valves  of  the 
low  pressure  cylinder.  The  vacuum  was  produced  by  an  independent 
steam-driven  air  pump  and  condenser  12  in,  bv  16  in.  by  18  in.  The 
superheater  was  placed  near  the  engine.  The  boilers,  which  were  250 
feet  away,  were  of  the  horizontal  return  tubular  type.  No  provision 
was  made  for  draining  the  steam  pipe,  and  all  the  water  condensed  in 
the  pipe,  or  brought  over  from  the  boilers,  was  reevaporated  by  the 
superheater.  The  plant  ran  10|  hours  per  day,  and,  at  the  end  of  the 
day,  the  fires  in  both  the  boilers  and  superheater  were  allowed  to  burn 
out,  being  started  again  with  wood  in  the  morning.  A  test  was  made 
using  anthracite  coal,  broken  sizes.  The  engine  developed  425  indi- 
cated horse  power,  and  used  about  8700  pounds  of  feed  water  per 
hour,  or  20.5  pounds  per  indicated  horse  power  per  hour.  The  coal 
used  in  the  superheater  for  the  day's  run  of  lOf  hours  was  277  pounds, 
or  only  2  per  cent  as  much  as  the  coal  used  in  the  boilers.  This 
amounted  to  13,815  pounds  and  the  total  coal  was  at  the  rate  of  3.02 
pounds  per  indicated  horse  power  per  hour.  It  was  found  that  the 
temperature  of  the  steam  coming  out  of  the  superheater  was  no 
greater  than  that  going  into  it;  in  fact,  it  was  a  httle  less,  showing 
that  the  only  benefit  derived  was  the  reevaporation  of  the  water  con- 
tained in  the  steam. 

PLANT  E 

9  The  next  experience  was  with  superheated  steam  generated  by 
vertical  tubular  boilers  of  the  Corliss  rolling-pin  type.  Two  of  these 
were  used  for  supplying  a  23  in.  by  60  in.  single  cylinder  Corliss  non- 
condensing  engine.  The  area  of  grate  surface  in  each  was  45  square 
feet;  water  heating  surface  in  each,  940  square  feet;  and  steam  heating 
surface,  425  square  feet.  90  degrees  of  superheat  were  produced  with  a 
flue  temperature  of  480  degrees  and  a  rate  of  combustion  of  1 1  pounds 
of  anthracite  broken  coal  per  square  foot  of  grate  per  hour.  A  test  of 
the  engine  was  made  when  using  steam  derived  partly  from  the  two 
boilers  mentioned,  and  partly  from  a  horizontal  return  tubular  boiler 
producing  saturated  steam,  the  vertical  boilers  doing  so  much  of  the 
work,  however,  that  the  steam  was  still  superheated  82  degrees.  The 
consumption  of  feed  water  was  26.8  pounds  per  indicated  horse  power 
per  hour.     When  the  horizontal  boiler  was  crowded  to  supply  most 
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of  the  steam,  and  the  vertical  boilers  suppUed  so  Uttle  that  the  super- 
heating disappeared,  the  consumption  of  feed  water  was  increased  to 
29.3  pounds  per  indicated  horse  power  per  hour.  The  difference  in 
these  figures  is  about  9  per  cent.  The  difference  in  the  evaporative 
performance  of  the  boilers  was  so  much  greater  in  favor  of  the  hori- 
zontal boiler,  that  the  consumpton  of  coal  was  iii  both  cases  about 
the  same. 

10  In  this  connection,  it  may  be  added  that,  in  the  case  of  four 
other  simple  engines  which  the  writer  tested,  where  the  amount  of 
superheating  ranged  from  25  to  59  degrees,  with  an  average  of  34 
degrees,  there  was  a  reduction  in  the  percentage  of  C3dinder  conden- 
sation and  leakage,  as  compared  with  that  found  in  engines  using 
ordinary  steam  under  similar  conditions,  amounting  to  8  per  cent. 

PLANT   F 

11  The  next  experience  was  with  a  plant  of  five  64-inch  vertical 
boilers  of  the  Corliss  "Centennial"  type,  having  3  inch  tubes  14  feet 
in  length,  each  boiler  having  951  square  feet  of  heating  surface,  of 
which  317  square  feet  was  steam  heating  surface.  These  boilers 
superheated  the  steam  75  degrees.  They  supplied  a  28  in.  by  48  in. 
single  cylinder  non-condensing  Corliss  engine  through  a  12  inch  pipe, 
270  feet  in  length.  The  drop  in  temperature  between  the  boilers  and 
the  throttle  valve  when  the  engine  indicated  410  horse  power  was  49 
degrees,  so  that  at  the  engine  the  superheating  was  only  26  degrees. 

12  The  chief  interest  in  this  plant  lay  in  the  effect  of  the  hot  steam 
and  hot  gases  on  the  long  fire  tubes.  It  was  found  on  a  feed  water 
test  of  the  plant  that  the  engine  consumed  31  pounds  of  steam  per 
indicated  horse  power  per  hour,  and  on  a  leakage  test  the  output  of 
the  boilers  appeared  to  be  at  the  rate  of  about  1500  pounds  of  steam 
per  hour,  or  nearly  4  pounds  of  steam  per  indicated  horse  power  per 
hour.  The  leakage  was  traced  to  the  upper  tube  sheets  where  a  large 
number  of  the  tube  ends  were  blowing  steam.  Re-rolling  of  these 
tubes  overcame  the  leakage  to  a  consideraljle  extent,  but  did  not  alto- 
gether prevent  it. 

13  In  the  other  vertical  boilers  which  have  been  referred  to,  where 
there  was  an  equal  amount  of  superheating  without  difficulty  of  this 
kind,  the  length  of  tubes  was  10  feet  or  less,  and  they  were  of  smaller 
diameter. 

PLANT  G 

14  The  next  experience  was  with  an  independently  fired  super- 
heater of  somewhat  larger  proportions  than  any  thus  far  referred  to. 
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The  heating  surface  here  was  made  up  of  2-inch  continuous  wrought 
iron  pipes  which  presented  a  total  area  of  2640  square  feet,  and  the 
grate  surface  measured  32  square  feet.  The  brick  setting  measured 
16  feet  long,  9.5  feet  wide  and  22.5  feet  high,  over  all.  Steam  was 
supplied  from  a  plant  of  Babcock  &  Wilcox  horizontal  water  tube 
boilers  containing  10,500  square  feet  of  heating  surface  and  178  square 
feet  of  grate  surface. 

15  A  10-hour  test  was  made  with  this  superheater  delivering 
steam  at  a  temperature  of  697  deg.  fahr.  The  boiler  pressure  was  149 
pounds,  giving  a  superheating  of  337  deg.  fahr.  The  weight  of  steam 
passed  through  was  25,982  pounds  per  hour.  The  weight  of  dry  coal 
consumed  was  535  pounds  per  hour,  and  this  had  8  per  cent  ash  and 
refuse.  The  calorific  value  of  the  fuel  was  15,271  B.t.u.  per  pound 
of  combustible.  Reducing  these  quantities  to  the  unit  rate,  one 
pound  of  dry  coal  superheated  49  pounds  of  steam  337  degrees,  besides 
evaporating  whatever  moisture  was  carried  over  from  the  boilers  and 
condensed  in  the  connecting  pipes.  It  is  probable  that  the  percent- 
age of  moisture,  all  told,  which  entered  with  the  steam  was  between  1 
and  2  per  cent. 

16  A  noteworthy  incident  of  this  test  was  the  effect  of  the  highly 
heated  steam  on  the  joints  of  the  piping  and  on  the  packings  and 
gaskets  of  the  valves.  Whenever  the  steam  came  in  contact  with 
fibrous  material  or  rubber,  these  were  completely  burned  out,  and 
the  joints  or  valve  stems  set  to  profuse  leaking.  The  flange  joints 
in  the  piping,  which  were  of  the  Van  Stone  type  with  corrugated 
copper  gaskets,  were  injured  to  some  extent  and  many  of  them  set  to 
leaking.  The  plant  had  previously  been  run  at  a  temperature  not 
over  550  degrees.  Under  this  temperature  there  was  no  leaking  at 
any  point. 

PLANT  H 

17  Another  case  of  an  independent  superheater  similar  to  that  of 
the  preceding  plant  is  of  interest.  This  was  one  which  was  used  in  a 
factory  running  ten  hours  per  day,  and  during  the  remaining  fourteen 
hours  the  superheater  was  out  of  active  service,  and  the  fire  was 
banked.  This  superheater  had  1810  square  feet  of  heating  surface 
and  32  square  feet  of  grate  surface.  The  boilers  were  of  the  horizontal 
water  tube  type. 

18  A  test  was  made  covering  the  entire  working  period  of  twenty- 
four  hours,  and  under  the  regular  working  conditions.  The  weight  of 
dry  New  River  coal  consumed  in  the  superheater  was  3092  pounds, 
and  it  contained  7.9  per  cent  of  ash  and  refuse.     The  weight  of  water 
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evaporated  and  passing  through  the  superheater  was  152,114  pounds. 
The  number  of  degrees  of  superheating  during  the  ten  hours  running 
time  averaged  303  degrees,  and  the  pressure  was  136  pounds.  The 
boiler  horse  power  developed  during  running  time  was  389.  Reduc- 
ing these  figures  to  the  unit  rate,  one  pound  of  dry  coal  superheated  49 
pounds  of  steam  303  degrees,  besides  evaporating  the  moisture  in  the 
steam  suppUed  by  the  boilers.  The  steam  probably  contained  1  per 
cent  of  moisture. 

19  A  Corliss  compound  condensing  engine  to  which  the  steam 
from  this  superheater  was  supplied  was  found  to  consume  9.8  pounds 
of  steam  per  indicated  horse  power  per  hour  when  the  superheating 
at  the  throttle  valve  was  300  degrees. 

PLANT  I 

20  I  will  refer  finally  to  a  case  of  superheated  steam  furnished  by 
a  combined  water  tube  boiler  and  superheater,  embracing  compara- 
tive tests  between  such  a  boiler  and  a  straight  boiler  of  the  same  size 
and  type.  The  grate  surface  was  of  the  same  area  in  both.  The  heat- 
ing surface  in  the  straight  boiler  had  an  area  of  2797  square  feet  and 
this  was  all  water  heating  surface.  In  the  superheating  boiler  the 
water  heating  surface  was  2571  square  feet  and  the  steam  heating 
surface  595  square  feet.     Total,  3166  square  feet. 

21  The  tests  were  made  with  semi-bituminous  coal  at,  or  near,  the 
rated  capacity  of  the  respective  boilers.  The  steam  from  the  straight 
boiler  contained  3/10  of  1  per  cent  of  moisture.  That  from  the  super- 
heating boiler  was  superheated  216  degrees,  with  a  pressure  of  145 
pounds. 

22  Making  allowance  for  the  heat  represented  by  the  superheating 
on  the  assumption  that  the  specific  heat  is  0.48,  the  efficiency  of  the 
two  outfits  came  out  precisely  the  same,  viz:  75  per  cent  of  the  calori- 
fic value  of  the  fuel. 

.    DISCUSSION 

Mr.  August  H.  Kruesi  In  the  last  paragraph,  Mr.  Barrus  gives 
some  facts  about  the  efficiency  of  a  certain  boiler  with  a  combined 
superheater  and  without  a  superheater.  The  statement  is  made  that 
the  efficiencies  are  about  the  same.  From  this  it  would  appear  that 
a  given  amount  of  coal  would  generate  about  9  per  cent  more  steam 
in  the  simple  boiler;  but  on  the  other  hand,  a  turbine  employing 
this  amount  of  superheat  would  give  about  15  per  cent  greater  out- 
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put,  from  which  it  appears  that  there  would  be  a  substantial  coal 
economy  in  employing  the  boiler  with  combined  superheater  in  con- 
nection with  a  turbine.  On  the  other  hand,  the  writer  is  familiar 
with  tests  made  about  two  years  ago  on  boilers  of  somewhat  larger 
size,  with  combined  superheaters,  the  superheaters  in  one  test  being 
flooded,  and  in  the  other  test  generating  about  200  deg.  superheat, 
the  latter  test  showing  a  coal  consumption  per  pound  of  steam 
about  14.7  per  cent  higher  than  the  former  test.  The  turbines  in 
the  latter  case  required  about  15  per  cent  less  steam  per  unit  of  out- 
put so  that  with  this  comparatively  high  superheat  no  material  gain 
in  coal  economy  was  realized. 

2  I  hope  Mr.  Barrus  will  give  us  further  data  regarding  the  last 
test  he  describes — there  being  very  little  information  on  the  subject 
which  is  available  and  which  is  comparable.  Conclusions  should 
be  based  on  tests  with  the  same  boiler,  tested  when  generating  satu- 
rated and  superheated  steam,  respectively. 

3  I  believe,  after  considerable  observation  in  new  plants  in  which 
turbines  have  been  installed,  that  125  deg.  to  150  deg.  superheat  at 
the  boiler  is  about  as  much  as  can  be  used  with  satisfaction  under 
present  conditions.  Further  tests  may  demonstrate  the  economy 
and  desirability  of  using  higher  superheat:  but  m}^  present  belief  as 
to  the  most  desirable  figures  is  to  use  no  superheat  for  turbines  up 
to  1000  kw.  capacity;  75  to  100  deg.  at  the  turbine  for  2000  to  3000 
kw.  capacity;  and  100  to  125  deg.  at  the  turbine  for  5000  to  8000  kw. 
capacity. 

Mr.  E.  H.  Foster  In  Mr.  Barrus'  paper  he  states  that  a  pipe  line 
at  550  deg.  temperature  gave  no  difficulties  with  the  joints,  whereas, 
at  a  high  temperature  (697  deg.)  they  had  a  great  deal  of  leakage 
at  the  joints.  I  have  also  found  that  at  a  temperature  of  500  deg., 
or  at  most  550  deg.,  there  is  very  little  likelihood  of  difficulty  from  the 
average  pipe  line  which  is  designed  for  a  steam  pressure  of  150  lb. 

2  I  have  noticed  a  very  interesting  thing  in  connection  with 
steam  pipe  lines  when  superheated  steam  is  put  in  them.  Fre- 
quently a  pipe  line  will  leak  with  saturated  steam,  but  will  not  leak 
with  superheated  steam.*!  I  have  again  turned  saturated  steam  into  a 
pipe  line,  after  using  it  for  superheated  steam,  and  found  that  the 
leakage  returned.  My  theory  to  account  for  this  is  that  the  super- 
heated steam  maintains  a  more  uniform  temperature  throughout  the 
pipe  line,  holding  the  top  and  the  bottom  of  the  line  at  practically  the 
same  temperature,  whereas,  with  saturated  steam  the  moisture  may 
run  along  the  bottom  of  the  line  and  keep  the  bottom  cooler  than 
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the  top,  causing  a  contraction  of  the  lower  side  of  the  pipe  and  opening 
up  the  joints  at  the  bottom  enough  to  produce  a  leakage.  I  have 
always  noticed  that  a  steam  pipe  line,  unless  under  very  great  exter- 
nal strain,  will  leak  at  the  bottom  of  the  joints. 

3  Mr.  Kruesi  has  spoken  of  its  being  practically  not  worth  while 
for  the  sake  of  fuel  economy  alone  to  use  superheated  steam  in  instal- 
lations of  small  power.  He  refers  to  steam  turbine  work,  but  I  think 
we  ought  not  to  confine  a  discussion  of  superheated  steam  or  the 
advantages  of  using  it,  to  one  of  its  uses  alone. 

4  In  other  words,  let  us  consider  other  forms  of  engines  than 
steam  turbines.  Any  one  who  has  had  experience  with  small  plants 
will  agree  that  it  is  very  much  worth  while  to  use  superheated  steam 
in  small  power  plants.  I  have  had  an  opportunity  to  observe  the 
saving  in  introducing  superheated  steam  in  plants  of  from  a  hundred 
to  two  hundred  horse  power  capacity,  using  pumping  engines,  electric 
light  engines  and  industrial  engines  of  various  sorts — and  the  saving 
by  the  introduction  of  superheated  steam  is  often  very  remarkable. 
I  have  scarcely  had  a  report  of  a  test  where  the  saving  was  less  than 
10  per  cent,  by  the  introduction  of  superheat  of  about  125  deg. 
fahr.  I  have  frequently  had  authentic  reports  of  savings  of  20  to 
25  per  cent,  resulting  entirely  from  the  introduction  of  from  150  to 
200  deg.  superheat.  Such  figures  are  as  readily  obtained  on  plants 
carrying  moderate  steam  pressures  of  80  to  100  lb.  per  sq.  in.  as  on 
those  using  much  higher  pressures.  These  facts  have  arisen  so 
frequently  that  they  ought  to  be  considered  in  deciding  whether  super- 
heated steam  is  worth  while  for  small  plants,  or  not. 

5  I  have  one  conspicuous  case  in  mind,  a  certain  steel  plate  mill 
in  this  country  where  steam  is  supplied  by  five  72  in.  by  18  ft. 
H.R.T.  boilers,  tested  at  150  h.p.,  each  carrying  95  lb.  steam  pres- 
sure, burning  Pittsburg  coal,  and  driving  a  34  in.  by  48  in.  non-con- 
densing Corliss  engine  running  at  54  r.p.m.,  driving  six  sheet  mills, 
the  steam  line  being  about  80  ft.  long.  Steam  is  also  used  to  drive 
a  number  of  small  water  and  feed  pumps  and  four  small  automatic 
engines,  simple  non-condensing  and  also  to  heat  buildings.  The  boilers 
were  equipped  with  superheaters  to  give  150  deg.  superheat,  no 
other  change  being  made  in  the  plant.  Coal  consumption  per  gross 
ton  of  finished  product  for  steam  purposes  at  the  works  has  averaged 
over  15.26  per  cent  less  for  the  four  months  since  the  superheaters 
were  installed,  as  compared  with  the  previous  yearly  average. 

6  In  another  large  steel  works  where  six  250  h.p.  water  tubular 
boilers  are  used  to  drive  a  power  plant  consisting  of  the  following: 
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4 — 19  in.  and  31  in.  by  22  in.  vertical  cross  compound  auto- 
matic cut-off  condensing  engines,  each  direct  connected 
to  1-300  kw.  d.c.  generator; 

3 — DeLaval  single  stage  turbines  each  geared  to  two  100  kw. 
DeLaval  d.c.  generators; 

2 — 14  in.  and  24  in.  by  14  in.  Westinghouse  single  acting 
compound  automatic  cut-off  non-condensing  engines, 
belted  to  generators: 

Superheaters  were  installed  to  give  a  superheat  of  150  deg.  In  this 
case  the  steam  pressure  was  125  lb.,  and  blast  furnace  gas  and  coal 
were  used  for  fuel. 

7  The  steam  pipe  consisted  of  a  12  in.  line  150  ft.  long,  only  par- 
tially covered.  Careful  tests  were  made  after  superheaters  were 
installed,  with  the  intent  of  establishing  a  comparison  between 
saturated  and  superheated  steam.  For  the  saturated  steam  run, 
water  pumped  from  barrels  on  scales  was  sprayed  into  the  steam 
pipe  to  neutralize  the  superheat.  As  a  matter  of  fact  there  were 
a  few  degrees  of  superheat  left  in  the  steam,  ranging  from  0  deg.  to 
13  deg.  at  the  various  engines  so  that  the  test  is  really  a  comparison 
between  steam  with  an  average  of  about  8  deg.  of  superheat  at  the 
engine  and  steam  with  an  average  of  about  120  deg.  at  the  engine. 
The  water  rate  obtained  on  the  engines  showed  an  advantage  of  16.8 
per  cent  in  favor  of  the  superheated  conditions.  Since  blast  fur- 
nace gas  was  largely  used  to  fire  these  boilers,  no  accurate  meas- 
ure of  fuel  consumption  was  possible,  but  in  my  opinion  little,  if  any, 
extra  fuel  is  required  in  a  combination  of  boiler  and  superheater  of 
this  sort  to  give  a  superheat  of  about  100  deg. 

Mr.  Max  E.  R.  Toltz  Yesterday,  I  gave  the  results  of  the  test  of  a 
5000  h. p.  triple  expansion  engine  and  a  250  h. p.  compound  engine  work- 
ing -^^ith  superheated  steam  of  different  degrees  of  temperature,  show- 
ing different  percentages  of  economy  in  steam  and  coal  according  to 
the  construction  and  design  of  the  superheater. 

2  I  have  knowm  of  the  work  that  Mr.  Foster  has  done.  I  have 
several  of  his  tests,  and  I  find  that  they  check  up  within  1  or 
2  per  cent  of  the  results  I  have  given  in  the  tables.  I  recollect 
one  test  especially,  which  was  made  at  the  Brooklyn  water  works  with  a 
Knowles  compound  duplex  pump  using  a  superheat  of  225  degrees, 
and  the  saving  of  steam  was  23  per  cent,  and  the  saving  of  coal  21 
per  cent.     My  table  gives  practically  the  same  figures. 

3  With  a  superheater  of  a  good  and  sensible  design,  properly 
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applied  and  located  in  the  boiler,  a  considerable  economy  in 
coal  consumption  will  be  shown.  It  is  only  a  question  of  time 
when  we  shall  have  to  come  down  to  the  same  conditions  that  have 
existed  in  Europe  for  the  last  ten  years;  that  is,  we  will  have  to 
design  not  alone  turbines,  but  engines  of  all  forms,  so  they  will  he 
able  to  take  highly  superheated  steam. 
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Member  of  the  Society 

In  a  large  proportion  of  boiler  plants  it  is  customary  to  apply  an 
injector  to  each  boiler,  either  for  continuous  use,  or  to  supplement  or 
take  the  place  of  the  feed  pumps  when  temporarily  out  of  service. 
Both  the  original  cost  and  its  up-keep  are  less  than  that  of  the  pump, 
and  the  injector  has  the  further  advantage  of  always  being  ready 
for  instant  service. 

2  The  internal  construction  is  simple,  consisting  essentially  of  a 
guiding  nozzle  for  the  jet  of  steam,  a  converging  combining  tube  in 
which  the  steam  impinges  upon  the  entering  water,  and  a  diverging 
delivery  tube  to  transform  the  energy  of  the  combined  jet  into  static 
pressure.  The  action  of  the  injector  is  due  to  the  transfer  of  the 
momentum  of  a  jet  of  steam  moving  with  a  high  velocity  to  a  hollow 
cone  of  water,  drawn  into  the  tubes  by  the  partial  vacuum  caused 
by  condensation.  The  special  construction  of  the  tubes  obtains 
intimate  contact  between  the  steam  and  water,  and  almost  perfect 
condensation  of  the  steam,  with  a  reduction  of  the  transverse  area 
of  the  combined  jet  proportional  to  its  increase  in  velocity;  the 
resultant  energy  of  the  mass  enables  it  to  pass  through  the  reduced 
area  of  the  final  tube  of  the  apparatus  and  enter  the  boiler  against 
initial  pressure.  Its  action  therefore  depends  not  only  upon  the 
impact  of  the  jet  of  steam,  but  upon  its  efficient  and  complete  con- 
densation, which  occurs  during  its  passage  through  the  combining 
tube.  At  180  pounds  boiler  pressure  the  jet  must  attain  a  terminal 
velocity  of  163  feet  per  second  to  enable  it  to  lift  the  check  valve  and 
enter  the  boiler.  If  the  total  length  of  the  converging  combining 
tube  is  7^  inches,  the  interval  of  time  during  which  the  steam  may  be 
condensed  is  only  0.008  of  a  second  and  the  acceleration  is  20,000 
feet. 

3  It  is  therefore  obvious  that  any  condition  which  tends  to 
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diminish  rapid  condensation,  operates  against  efficient  mechanical 
action.  An  increase  in  the  temperature  of  the  water  supply,  moisture 
or  superheat  in  the  steam,  all  tend  to  reduce  the  proper  ratio  between 
the  weight  of  the  water  delivered  into  the  boiler  to  that  of  the 
motive  steam. 

4  It  is  therefore  essential  that  the  condition  of  the  steam  permit 
instant  and  complete  condensation  and  also  that  its  velocity  reach 
a  maximum  at  the  instant  of  impact  with  the  water.  Many  experi- 
ments have  been  made  by  the  writer^  to  determine  the  most  efficient 
shape  of  diverging  steam  nozzle  and  also  the  terminal  velocity  of  the 
discharging  jet.  Results  of  experiments  with  saturated  steam  prove 
that  the  flow  is  in  accord  with  the  well  known  formula  based  upon 
adiabatic  expansion.  The  velocity  of  superheated  steam  is  slightly 
higher  as  it  follows  the  law  of  a  perfect  gas  until  condensation  due 
to  expansion  begins;  the  velocity  of  the  combined  jet  would  con- 
sequently be  increased,  but  this  advantage  is  overbalanced  by 
the  shorter  interval  of  contact  and  condensation,  during  which  the 
additional  heat  in  the  steam  must  be  abstracted  and  the  mechanical 
efficiency  is  lowered;  if  there  is  no  loss  from  radiation,  the  thermo- 
efficiency  will  still  be  100  per  cent.  To  obtain  good  results  from  an 
injector  with  superheated  steam,  it  would  be  necessary  to  modify 
the  design  and  proportion  of  the  tubes  and  nozzles. 

5  The  practical  effect  of  superheated  steam  upon  the  action  of 
an  injector  is  to  reduce  the  maximum  capacity,  increase  the  mini- 
mum capacity,  and  to  lower  the  limiting  temperature  of  the  water 
supply  with  which  the  injector  can  operate.  Further,  with  high 
pressure  and  superheat,  an  inefficiently  designed  instrument  is  inop- 
erative. It  is  therefore  advantageous  and  usually  practicable  to 
have  a  special  pipe  to  supply  the  injector  with  saturated  steam. 
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applications 

Apart  from  an  experimental  application  of  a  smoke-box  super- 
heater on  the  Chicago,  Burlington  &  Quincy  Railway,  between  1870 
and  1874,  the  first  application  of  superheated  steam  in  North  America 
was  made  by  Mr.  Roger  Atkinson,  then  mechanical  superintendent 
of  the  Canadian  Pacific  Railway,  who  applied  a  "Schmidt"  smoke- 
box  superheater  to  a  4-6-0  simple  freight  engine  in  1901.  In  1903 
Mr.  E.  A.  Williams,  then  mechanical  superintendent  of  the  same  road, 
applied  a  "Schmidt"  smoke-tube  superheater  to  two  4-6-0  compound 
freight  engines,  and  the  results  obtained  from  these  installations 
were  exceedingly  satisfactory,  the  first  engine  showing  a  saving  of  25 
per  cent  over  corresponding  simple  engines  and  18  per  cent  over  corre- 
sponding compound  engines  of  the  same  class,  while  the  latter  engines 
showed  a  saving  of  from  15  per  cent  to  20  per  cent  over  similar  com- 
pound engines  using  saturated  steam. 

2  In  1904  the  New  York  Central  &  Hudson  River  Railway  applied 
a  "Cole-Field"  smoke  tube  superheater  to  a  4-4-2  passenger  engine, 
and  in  the  latter  part  of  the  same  year  the  Canadian  Pacific  Railway 
purchased  41  engines,  21  of  which  were  equipped  with  this  type  of 
superheater,  and  20  with  the  "Schmidt"  smoke-tube  superheater. 
Since  that  date  all  engines,  other  than  those  in  switching  service,  con- 
structed on  the  Canadian  Pacific  Railway  have  been  equipped  with 
smoke-tube  superheaters  of  various  types,  and  on  December  31,  1906, 
there  were  in  service  on  this  road  197  engines  equipped  with  super- 
heaters of  the  following  types.' 

'For  full  details  see  Proceedings  Railway  Master  Mechanics  Association,  1905. 

Presented  at  the  Indianapolis,  Ind.,  Meeting  (May  1907)  of  The  American 
Society  of  Mechanical  Engineers  and  forming  part  of  Volume  29  of  the  Transac- 
tions. 
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TYPE  NUMBER 

Schmidt  smoke-box 1 

Schmidt  smoke-tube 32 

Cole  Field-tube 21 

C!ole  return  bend 55 

Vaughan-Horsey  return  bend 88 

3  At  the  present  time  this  road  has  on  order  175  locomotives  for 
delivery  during  the  present  year,  all  of  "U'hich  are  to  be  equipped  with 
the  "Vaughan-Horsey"  type  of  superheater,  which  will  make  a  total 
of  372  engines  to  which  this  principle  has  been  applied. 

4  On  the  railways  in  the  United  States  the  progress  has  been  far 
less  rapid,  and  a  reasonably  complete  list  of  the  engines  equipped  at 
the  end  of  1906  is  as  follows: 

Vaughan- 

Railway                             Cole  Schmidt                Horsey               Total 

N.Y.C.  &H.R 1  1 

C.  B.  &Q.Ry 1  2                                                    3 

Rock  Island 6  6 

M.  St.  P.  &  S.  S.  M 1  1 

C.  &  N.  W.  Ry 1  1 

Boston  &  Maine 1  1 

L.S.&M.S 1  1                       2 

Totals  12  2  1  15 

TYPES 

5  With  the  exception  of  one  engine,  viz.,  the  first  to  which  a  super- 
heater was  applied  on  the  Canadian  Pacific  Railway,  all  the  engines 
enumerated  above  have  been  equipped  with  superheaters  of  the  type 
known  as  the  smoke-tube,  this  particular  engine  being  equipped  with 
a  superheater  of  the  smoke-box  type,  shown  in  plan  and  elevation 
Fig.  1. 

6  In  this  design  the  superheating  pipes  are  placed  in  the  smoke- 
box  of  the  locomotives,  but  as  the  temperature  of  the  gases  in  the 
smoke-box  after  passing  through  the  evaporating  tubes  is  insufficient 
to  superheat  the  steam  to  the  requisite  degree  without  an  imprac- 
ticably large  amount  of  heating  surface,  a  tube  of  large  diameter 
leads  from  the  firebox  to  the  front  tube  sheet,  by  which  a  considerable 
portion  of  the  flue  gases  are  delivered  into  an  annular  chamber  in  the 
front  end  at  a  high  temperature.  The  superheater  tubes  are  located 
in  this  chamber  and  are  thus  exposed  to  gases  of  a  relatively  high 
temperature,  so  that  the  superheating  surface  is  exceedingly  efficient. 

7  The  steam  from  the  boiler  passes  from  the  dome  through  the 
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dry  pipe,  into  the  rear  end  of  a  header  placed  on  the  right  side  of  the 
smoke-box  near  the  top,  which  is  separated  into  two  compartments 
by  a  transverse  partition  about  midway  of  its  length.  From  the  rear 
compartment  the  steam  passes  through  the  superheater  pipes  to  the 
back  end  of  a  similarly  located  header  on  the  opposite  side  which  is  of 
the  same  length  as  the  first  header,  but  not  divided  into  compartments. 
From  this  header  the  steam  passes  through  a  second  set  of  super- 
heater pipes  to  the  front  end  of  the  first  header,  and  thence  through 
the  steam  pipes  to  the  steam  chest.  The  annular  space  previously 
referred  to  is  partitioned  off  from  the  remainder  of  the  smoke-box 
and  an  opening  is  provided  through  which  the  gases,  after  passing 
around  the  superheater  pipes,  are  drawn  into  the  body  of  the  smoke- 
box  and  thence  through  the  stack  by  the  action  of  the  exhaust.  This 
opening  is  provided  with  a  damper  which  automatically  opens  when 
steam  is  admitted  to  the  superheater  and  closes  when  it  is  shut  off,  so 
that  the  superheating  pipes  are  only  exposed  to  the  flow  of  heated 
gases  when  the  steam  is  flowing  through,  as  the  temperature  of  the 
gases  passing  through  the  large  flue  is  sufficient  to  injuriously  over- 
heat them  if  no  flow  of  steam  is  taking  place  through  the  superheater. 

8  While  the  results  obtained  have  been  satisfactory,  there  are 
necessarily  a  number  of  joints  in  the  front  end  and  considerable  com- 
plication of  detail  which  in  the  opinion  of  the  writer  will  make  it  very 
doubtful  whether  this  type  of  superheater  will  be  extensively  applied 
in  American  practice. 

9  The  smoke-tube  type  of  superheater  which  has  been  the  one 
generally  applied,  varies  almost  entirely  in  the  arrangement  of  the 
headers  in  the  front  end.  The  various  types  of  Schmidt,  Fig.  2  and 
Fig.  3,  the  Cole  Field-tube,  Fig.  4;  the  Cole  return-bend.  Fig.  5;  and 
Vaughan-Horsey,  Fig.  6,  while  varying  sHghtly  in  the  arrangement  of 
the  superheater  pipes  in  the  smoke  tube,  differ  largely  in  the  form 
of  the  headers  and  the  method  by  which  the  superheater  pipes  are 
attached  to  them. 

10  The  Cole  Field-tube  design  is  not  of  much  practical  interest  as 
it  has  been  but  little  used,  and  on  the  Canadian  Pacific  Railway  it  has 
been  taken  out  of  engines  which  were  equipped  with  it  as  it  was  found 
impossible  to  prevent  the  smoke-tubes  from  stopping  up.  The  same 
results  have  been  obtained  on  other  roads  from  which  it  would  appear 
that  the  return-bend  type  is  the  only  one  giving  satisfactory  practical 
results. 

11  The  return  bend  type  may  be  so  arranged  that  the  ends  of  each 
pair  of  superheater  pipes  enter  the  saturated  and  superheated  steam 
headers  respectively,  as  is  shown  in  Fig.  3,  or  the  ends  of  each  alter- 
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nate  pair  may  be  joined  together,  thus  forming  a  double  loop  in  each 
smoke  tube.     It  will  therefore  be  seen  that  the  actual  variation  of  the 


FIG.  3. 


FIRE  TUBE  SUPERHEATER.  SCHMIDT'S  PATENT 
END  VIEW 


Cole  and  Vaughan-Horsey  design  from  the  Schmidt  consists  in  the 
arrangements  of  the  headers.  In  the  Schmidt  design  each  group  of 
superheater  pipes  is  united  into  one  flange,  which  is  detachable  from 


FIG.  4     THE  COLE  FIELD-TUBE 

the  header.  In  the  Cole  design  each  vertical  row  ot  superheater  pipes 
is  connected  into  a  sub-header,  the  sub-headers  being  detachable  from 
the  main  header.     In  the  Vaughan-Horsey  type  each  pair  of  super- 
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heater  pipes  is  detachable  from  fittings  screwed  into  the  main  headers 
which  in  this  case  are  entirely-  separate  and  placed  one  above  the 
other. 

12  In  all  these  arrangements  the  steam  from  the  boiler  is  led  by  a 
dry  pipe  into  the  saturated  steam  header,  thence  through  the  loops  of 
superheater  pipes  located  in  the  smoke  tubes  to  the  superheated  steam 
headers  from  which  it  is  led  by  the  steam  pipes  to  the  cyhnders. 
The  superheater  headers  are  partitioned  off  from  the  body  of  the 
smoke-box,  the  partition  extending  to  the  flue  sheet  and  provided 
with  an  opening  controlled  by  an  automatic  damper,  as  in  the  pre- 
viously described  smoke-box  superheater,  by  which  the  flow  of  gases 
from  the  fire-box  through  the  smoke  tubes  is  permitted  while  steam  is 
flowing  through  the  superheater  pipes,  but  prevented  when  the 
throttle  is  shut,  and  the  flow  of  steam  stopped.  A  detailed  descrip- 
tion of  these  various  types  is  given  in  the  Proceedings  of  the  Master 
Mechanics  Association,  1905,  and  New  York  Railway  Club,  April  20, 
1906. 

13  There  is  one  point,  however,  that  the  writer  wishes  to  empha- 
size, which  is  that  while  these  different  arrangements  of  smoke 
tube  superheaters  are  given  different  names,  the  Cole  and  Vaughan- 
Horsey  types  are  simply  modifications  of  the  Schmidt  design  intro- 
duced into  America  in  1903,  and  while  the  elements  of  this  design 
were  perhaps  not  entirely  original  with  Mr.  Schmidt,  as  early  French 
patents  existed  showing  substantially  a  similar  construction,  at  the 
same  time  the  credit  of  this  modern  construction  is  entirely  his,  and 
the  other  two  types  simply  vary  from  it  in  their  mechanical  construc- 
tion. 

CONSTRUCTION 

14  The  large  smoke  tubes  now  made  with  a  5  inch  outside  diame- 
ter reduced  to  4  inch  outside  diameter  for  a  short  distance  from  the 
firebox  end  have  usually  been  of  soUd  drawn  steel  tubing,  although 
the  Canadian  Pacific  Railway  is  now  experimenting  with  some  lap- 
welded  charcoal  iron.  These  tubes,  are  threaded  at  the  back  end  and 
screwed  into  the  firebox  tube  sheet.  The  thread  in  the  tube  sheet  is 
cut  in  position  by  a  tap  having  a  guide  spindle  fitting  in  a  bushing  in 
the  front  tube  sheet  in  order  to  make  this  thread  correspond  accu- 
rately to  the  axis  of  the  tube.  After  being  screwed  in,  a  taper  maun- 
dril  is  driven  tightly  into  the  tube  and  the  latter  is  then  staved  up 
with  a  caulking  tool,  so  as  to  expand  it  as  sohdly  as  possible  into  the 
thread  in  the  tube  sheet.  It  is  then  rolled  and  beaded  in  the  usual 
way  at  both  ends. 
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15  This  method  of  setting  has  proved  exceedingly  satisfactory. 
Cast  iron  and  mild  steel  ferrules  are  used  at  the  firebox  end  occa- 
sionally. They  appear  to  offer  some  advantage  in  bad  water  districts, 
but  are  not  necessary  where  the  water  is  good.  The  superheater 
pipes  are  made  of  solid  drawn  steel  tubing  1|  inch  outside  diameter 
with  walls  ^  inch  thick.  The  return  bends  have  so  far  been  made  of 
cast  steel,  but  experience  shows  that  it  will  be  preferable  to  construct 
them  of  drop  forgings  in  the  future  and  they  should  be  of  sufficient 
length  to  cover  the  threads  on  the  ends  of  the  superheater  pipes  over 
which  they  are  screwed.  The  connection  of  the  superheater  tubes  to 
the  headers  varies  materially  in  the  three  designs.  In  the  Schmidt 
the  pipes  are  expanded  into  flanges,  the  pipes  in  each  smoke  tube 
leading  to  one  flange,  and  in  the  regular  Schmidt  arrangement  these 
flanges  are  attached  to  the  header  by  two  clips  between  each  pair  of 
flanges,  each  clip  being  secured  by  a  stud  screwed  into  the  header, 
and  copper  gaskets  are  used  to  make  the  joints  between  the  flanges 
and  the  header. 

16  In  the  Cole  design  the  pipes  are  expanded  into  the  sub-headers 
and  the  joints  between  the  sub-headers  and  main  headers  are  made 
by  round  wire  copper  gaskets,  each  pair  of  headers  being  secured  to 
the  main  header  by  a  clip  bearing  on  the  headers  and  secured  to  the 
main  header  by  a  stud. 

17  In  the  Vaughan-Horsey  design,  the  end  of  each  superheater 
pipe  is  up-set,  forming  a  flanged  connection  and  bent  at  right  angles 
to  form  a  joint  w-ith  the  fittings  attached  to  the  different  headers. 
A  forged  steel  union  nut  engages  the  flange  on  the  superheater  pipe, 
and  screws  on  to  the  threaded  portion  of  the  fittings,  the  joints  being 
made  by  a  small  copper  gasket.  In  the  Schmidt  and  Cole  designs 
the  headers  have  usually  been  made  of  cast  steel,  but  in  the  Vaughan- 
Horsey  type  a  high  grade  dry  sand  casting  has  been  found  satis- 
factory. 

ECONOMICAL   RESULTS 

18  The  results  obtained  in  coal  economy  have,  on  the  whole,  been 
exceedingly  satisfactory.  The  results  obtained  from  the  first  three 
engines  on  the  Canadian  Pacific  Railway  have  already  been  referred 
to.  Subsequent  results  on  a  large  number  of  superheaters  have  not 
however  shown  as  large  a  percentage  of  saving  as  would  naturally  be 
expected,  when  a  device  of  this  nature  is  applied  in  sufficient  quan- 
tities to  insure  the  engines  with  which  it  is  equipped  being  treated  in 
exactl}^  the  same  way  as  other  engines  to  which  no  particular  attention 
is  given  and  taking  their  chance  with  reference  to  the  ability  of  the 
engine  crews  which  handle  them. 
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19  Unfortunately  it  is  difficult  to  compare  superheater  simples 
with  ordinar}^  simples  on  the  Canadian  Pacific  Railway,  as  previous 
to  the  introduction  of  the  superheater  most  of  the  recent  power 
purchased  was  of  the  compound  type,  and  care  has  also  to  be  exer- 
cised in  making  comparisons  on  account  of  the  large  variation  in  the 
coal  consumed  per  ton  mile  on  the  Canadian  Pacific  in  the  summer 
and  winter. 

20  The  most  satisfactory  comparison  is  arrived  at  by  taking 
engines  working  over  similar  sections  during  the  summer  months,  and 
the  following  table  shows  the  performance  of  2-8-0  superheater 
simples  as  compared  with  similar  2-8-0  compound  and  a  4-6-0  com- 
pound of  about  equal  weight  and  also  similar  in  design.  The  super- 
heaters are  of  two  types.  M-4a  being  a  Schmidt  smoke  tube  return 
bend  and  M-4b  a  Cole  Field-tube,  M-3  are  2-8-0  compounds  and  D-9  a 
4-6-0  compound.  These  results  are  those  obtained  during  the  summer 
of  1905. 

TABLE  1 


Section 

Class  of  Engine 

Total  coal 
consumed 

Coal  con- 
sumed 
per  imit 
mile 

Relative 

con- 
sumption 

Chalk  River-North  Bay 

M— 4b  Cole 

3048i 

128 

97 

M — 4a  Schmidt 

964i 

112 

85 

D— 9     Comp'd 

175 

114 

86 

M — ^3     Comp'd 

H21f 

132 

100 

North  Bay,  Cartier,  Webbe- 

wood 

M— 4b  Cole 
M— 4a  Schmidt 

I473f 

588  i 

127 
106 

100 

87 

D — 9     Comp'd 

510f 

113 

92 

M — 3     Comp'd 

1758 

122 

104 

Schreiber-Fort  William 

M^b  Cole 

134i 

145 

122 

M — 4a  Schmidt 

34f 

96 

81 

D — 9     Comp'd 

743f 

141 

118 

M — 3     Comp'd 

3876 

119 

100 

White  River,  Schreiber 

M— 4b  Cole 

2741 

159 

119 

M — 4a  Schmidt 

89 

134 

101 

D — 9     Comp'd 

7751 

150 

113 

M— 3     Comp'd 

4788i 

133 

100 

Chapleau-White  River 

M— 4b  Cole 

265 

140 

96 

M — 4a  Schmidt 

4126i 

121 

83 

D — 9     Comp'd 

845  i 

142 

97 

M — ^3     Comp'd 

515 

146 

100 

Chartier-Chapleau 

M— 4b  Cole 
M— 4a  Schmidt 

245i 
36841 

126 
117 

82 

76 

D — 9     Comp'd 

565i 

148 

96 

M — ^3     Comp'd 

728i 

154 

100 
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21  The  D-9  engines  may  also  be  advantageously  compared  against 
three  classes  of  4-6-0  simple  superheater  engines  of  the  D-lOa  class 
equipped  with  Schmidt  smoke-tube  return  bend,  the  D-lOb  with  a 
Cole  return  bend  and  the  D-lOc  with  a  Vaughan-Horsey  return  bend. 

22  These  engines  were  run  against  each  other  during  the  months  of 
September,  October,  November,  December  and  January,  inclusive, 
on  the  Canadian  Pacific  between  Fort  William  and  Winnipeg,  and  the 
general  result  is  given  in  Table  2,  with  reference  to  which  it  should  be 
noted  that  this  section  of  the  line  is  an  exceedingly  favorable  one  for 
compound  locomotives. 

23  Previous  to  the  introduction  of  the  superheatei,  the  D-9 
engines  had  been  by  far  the  most  economical  3^et  used  on  that  section. 
The  superior  economy  of  the  D-lOc  engines  is  not  easy  to  explain,  and 
although  the  writer  has  discussed  this  question  at  some  length  before 
the  New  York  Railway  Club,  he  does  not  feel  that  there  is  sufficient 
data  on  the  subject  to  regard  it  as  a  definite  fact. 


TABLE  2 


1300, 

D— 9 

700,  D 

—10a 

710.  D 

—10b 

740,  D— 10c 

Comp. 

Schmidt-Sup.    | 

Cole  Sup. 

V.H. 

Sup. 

Rela- 

Rela- 

Reia" 

Rela- 

Section 

Coal 

used 

tive 
con- 
sump- 
tion 

Coal 
used 

tive    j 
con- 
sump-  1 
tion 

Coal 
used 

tive 

con- 
sump- 
tion 

Coal 
used 

tive 
con- 
sump- 
tion 

Fort  William  to  Ignace    . 

13,144 

100 

207 

101.0 

2,993 

88.5 

5842 

84.7 

Ignace  to  Kenora    

2,520 

100 

6073 

98.3 

14,082 

105.0 

Kenora  to  Winnipeg  .... 

8,416 

100 

2170 

100.8 

10,443 

100.5 

Total 

24,080 

100 

8.460 

100.7 

28.418 

99.5 

5,842 

85.5 

24  In  the  early  part  of  1906,  the  Cole  superheaters  were  removed 
from  the  M-4  engines,  and  therefore  during  1906  were  used  as  simple 
engines,  thus  offering  a  good  basis  for  comparison  with  the  M-4a 
engines.  This  year  some  other  classes  of  engines  have  been  intro- 
duced. Two  4-6-0  simple  passenger  engines  Class  E-5  have  been  con- 
verted to  Vaughan-Horsey  superheaters,  class  E-5d  and  some  2-8-0 
simple  engines  class  M-4e  have  been  equipped  with  the  same  device,  as 
well  as  some  Pacific  type  4-6-2,  passenger  engines  class  G-1-2.  For 
purposes  of  comparison  the  results  obtained  from  2-8-0  class  com- 
pound engines,  M-1-2  of  slightly  smaller  size  than  the  M-4  are  also 
shown.  These  engines  are  an  economical  and  satisfactory  type  and 
offer  a  good  basis  for  comparison. 
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25  Selecting  sections  on  the  Canadian  Pacific  on  which  sufficient 
work  was  done,  the  simple,  compound,  and  superheater  engines  of 
reasonably  similar  types,  the  following  table  is  presented. 


TABLE  3     FREIGHT  SERVICE 


Section 


Class  of  engine 


Coal  con- 
sumed 


Coal  con- 
sumed per 
unit  mile 


Relative 
consump- 
tion 


Newport — Outremont. 


Megantic — Famham . 


Smith's  Falls — Havelock 


Havelock — Toronto 


Chalk  River— North  Bay. 


North  Bay — Cartier. 


Cartier — Chapleau. 


Chapleau — White  River 


White  River — Schreiber. 


D-lOb  Cole 
D-lOc  y-H 
M-3      Comp. 
M— 4b     Simple 
M-4e     V-H 


D-lOb  Cole 
D-lOc  V-H 

M-3      Comp'd 
M-4b     Simple. 

D-9       Comp'd 
D-lOb  Cole 
D-lOc  V-H 
M-1-2  Comp'd 

D-9       Comp'd 
D-lOb  Cole 
D-lOc  V-H 
M-1-2  Comp'd 

D-lOc  V-H 
M-4a     Schmidt 
M-4b    Simple 

D-lOb  Cole 
D-lOc  V-H 
M-3       Comp'd 
M-4a     Schmidt 
M-4b     Simple 

D-lOb  Cole 
D-lOc  V-H 
M-3       Comp'd 
M-4a     Schmidt 
M-4b     Simple 

D-lOb  Cole 
D-lOc  V-H 
M-3       Comp'd 
M— 4a     Schmidt 
M-4b     Simple 

D-lOb  Cole 
D-lOc  V-H 
M-3 
M-4a 
M-4b 
M— 4e 


Comp'd 
Schmidt 
Simple 
V-H 


207i 

370 

381 

6877 

220§ 


3421 
2439 

1241 
3025 

3579 
7410 
3209 
373i 

494 

521 

501 

4716 

2909 
321i 
305 

311 

2257 

4425 

501 

505 

219J 

2837 

1264 

2287 

502 

716 
2763 
1406 
2642 

403 

2977 
231 
2188 
1536 
1312 
234i 


128 
163 
148 
170 
108 


182 
176 
208 
213 

135 
124 
126 
136 

147 
147 
136 
147 

133 
102 
133 

138 
118 
141 
131 
140 

121 
122 
153 
126 
128 

133 
125 
165 
130 
144 

192 
134 
158 
131 
147 
126 


75 
96 
87 
100 
64 


86 

83 

98 

100 

109 
100 
101 
110 

100 

100 

93 

100 

100 

77 

100 

98 
84 

101 
94 

100 

94 
95 

98 
100 

92 

87 
107 

90 
100 

130 
91 

107 
89 

100 
86 
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Section 


Class  of  engine 


Coal  con- 
sumed 


Schreiber — Fort  William 


Fort  William — Ignace. 


Ignace — Kenora. 


Kenora — Winnipeg. 


Swift  Current — Med.  Hat. 


Med.  Hat — Calgary. 


Field — Revelstoke 


D-lOb  Cole 
D-lOc  V-H 
M-3       Comp'd 

M-4a     Schmidt 
M-4b     Simple 
M-4e     V-H 

D-9       Comp'd 
D-lOb  Cole 
D-lOc  V-H 

D-9       Comp'd 
D-lOa  Schmidt 
D-lOb  Coie 
D-lOc  V-H 
M-4e     V-H 

D-9       Comp'd 
D-lOa  Schmidt 
D-lOb  Cole 
D-lOc  V-H 

D-9       Comp'd 
D-lOa  Schmidt 
D-lOb  Cole 
M-1-2  Comp'd 

D-9  Comp'd 
D-lOa  Schmidt 
M-1-2  Comp'd 

M-4b     Simple 
M-4e     V-H 


2,719 

239i 
2051 
1176 

777i 
252i 

967i 
2381 
15304 

472i 
741 
15767 
113i 
3173 

2380 

9041 
16614 
215 

17322 
830i 
778i 
1567 

1443 

616 

6058 

1158 
3664 


Coal  con- 
sumed per 
imit  mile 


120 
118 
137 
116 
132 
178 

97 
99 


95 
96 
96 
99 
89 


100 
91 

165 
141 
168 
194 

146 
122 
156 

317 
281 


Relative 
consump- 
tion 


91 

89 

104 

88 

100 

136 

98 
100 

89 

100 
101 
100 
104 
90 

114 
88 

100 
91 

100 

81 

102 

117 

100 

84 

107 

100 
89 


Havelock — ^Toronto. 


Swift  Current — Med.  Hat. 


Chalk  River— North  Bay 


North  Bay — Cartier 


Cartier — Chapleau . 


PASSENGER   SERVICE 


E-4-5  Simp. 
G-1-2  Sup.  V-H 

D-9       Comp. 
D-lOa  Schmidt 
D-lOb  Cole 

E-4-5  Sim  11. 
E-6d,eV-H 
G-1-2  V-H 

E-4^5  Simp. 
E-5d,e  V-H 
G-1-2  V-H 

E-4-5  Simp. 
E-6d,eV-H 
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26  In  the  majority  of  cases  the  superheater  engines  showed  a 
decided  saving,  and  the  results  between  the  4-6-0  and  2-8-0  vary 
somewhat  in  accordance  with  the  relative  economy  of  these  two 
general  types  of  engines.  Under  some  conditions  the  2-8-0  are  more 
economical,  while  under  other  conditions  there  is  ver}'  little  differ- 
ence. 

27  A  very  interesting  result  is  that  obtained  from  Field  to  Revel- 
stoke.  These  .are  engines  working  on  very  heavy  grades  and  are 
fairly  comparable  for  two  classes  of  locomotives  involved,  as  they  were 
both  working  together,  and  it  will  be  noticed  that  a  saving  of  1 1  per 
cent  for  the  six  months  in  favor  of  the  superheaters  was  obtained. 
For  the  larger  portion  of  this  section  the  engines  were  working  at 
long  cut-offs  where  the  gain  from  superheat  would  be  expected  to  be 
less  marked. 

28  An  interesting  difference  is  shown  between  Swift  Current  and 
Medicine  Hat.  In  freight  service  the  D-9  freight  compound  engines 
show  up  exceedingly  well  in  comparison  with  superheaters,  but  in 
passenger  service  on  the  same  section  the  superheaters  are  much  more 
efficient,  the  compound  taking  about  60  per  cent  more  coal,  due  to  the 
loss  in  efficiency  in  the  compound  in  passenger  service  and  the  rela- 
tive gain  in  the  superheater. 

29  Tests  on  other  roads  so  far  as  information  has  been  received 
show^  in  general  a  reasonable  amount  of  saving.  On  the  Chicago, 
Burlington  &  Quincy  the  road  records  show^  but  little  difference,  and 
on  this  road  the  experience  was  not  satisfactory,  due  very  probably  to 
trouble  experienced  with  leakage  at  the  joints  in  the  headers. 

30  On  the  Boston  &  Maine  comparative  tests  of  two  4-6-0  engines 
equipped  with  Cole  return  bend  superheaters  in  passenger  service 
showed  a  gain  of  14.7  per  cent  in  ton  miles  per  pound  of  coal  on 
the  engine  equipped  with  superheated  steam. 

31  On  the  Chicago  &  North  Western  Railway  tests  comparing 
identical  4-4-2  passenger  engines  with  and  without  Cole  superheaters 
showed  an  economy  of  9  per  cent  in  coal  in  favor  of  the  superheater, 

32  On  the  Lake  Shore  &  Michigan  Southern  tests  of  engines 
equipped  with  Cole  and  Vaughan-Horsey  superheaters  compared  to 
similar  engines  using  saturated  steam  showed  a  saving  of  18.8  per 
cent  for  the  Cole  and  22.1  per  cent  forthe  Vaughan-Horsey  superheater 
in  coal  per  ton  mile. 

33  From  the  general  results  of  these  figures  it  would  appear  safe 
to  state  that  from  10  to  15  per  cent  saving  is  obtained  in  freight  ser- 
vice and  15  to  20  per  cent  in  passenger  service  on  engines  equipped 
with  superheaters  as  compared  w4th  those  using  saturated  steam 
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although  this  economy  will  be  to  a  considerable  extent  lost  if  leakage 
occurs  at  the  headers. 

MAINTENANCE   RESULTS 

34  Results  obtained  from  superheaters  on  the  Canadian  Pacific 
Railway  are  such  as  to  justify  a  continued  construction  of  engines 
equipped  with  this  device.  The  past  three  years  have  developed 
many  troubles,  but  they  have  also  indicated  their  remedy. 

35  The  automatic  damper,  first  looked  on  as  a  desirable  attach- 
ment, has  proved  to  be  a  most  important  factor  in  the  successful  ope- 
ration of  the  superheater  engine.  During  the  first  year's  experience 
it  appeared  to  make  but  little  difference  whether  this  damper  was 
operative  or  not,  but  it  has  been  found  that  if  neglected  there  is  a 
gradual  but  serious  deterioration  in  the  ends  of  the  superheater  pipes. 
The  structure  of  the  metal  becomes  entirely  destroyed  and  leaks  occur 
at  the  return  bends,  and  the  metal  in  the  pipes  changes  its  structure 
until  it  can  be  broken  in  the  hands.  The  damper  is  not  difficult  to 
maintain,  simply  requiring  proper  attention,  but  the  design  which 
has  been  used  and  which  was  introduced  with  the  original  Schmidt 
superheater  is  not  satisfactory,  and  can  certainly  be  very  much  im- 
proved, and  its  maintenance  made  easier. 

36  The  writer  sees  no  reason  whatever  for  abandoning  a  valuable 
and  important  principle  such  as  the  use  of  superheated  steam  because 
troubles  have  been  incurred  through  neglect  in  maintaining  a  small 
attachment  which  could  easil}'  have  been  attended  to  had  its  import- 
ance been  appreciated,  and  after  three  years'  experience  feels  justi- 
fied in  stating  that  if  the  dampers  are  properly  maintained  the  trouble 
through  the  destruction  of  the  ends  of  the  superheater  pipes  will  not 
occur. 

37  With  properly  maintained  dampers  the  next  source  of  trouble 
is  leakage  at  the  connections  of  the  superheater  pipes  to  the  headers. 
In  the  Schmidt  design  properly  put  up,  this  occurs  but  very  seldom, 
and  the  majority  of  engines  with  this  arrangement  will  run  from 
shopping  to  shopping  without  attention.  The  objection  that  has 
developed  in  the  Schmidt  arrangement  is  that  should  any  leakage 
occur,  especially  in  the  flanges  attached  to  the  upper  rows  of  super- 
heater pipes,  it  is  practically  necessary  to  take  down  all  the  flanges 
and  make  the  joints  afresh,  and  this  takes  considerable  time  with  a 
corresponding  loss  in  the  service  of  the  engine. 

38  The  greatest  trouble  has  come  from  having  to  do  this  on 
account  of  the  leaks  occurring  at  the  return  bends  caused  by  dampers 
not  being  properly  maintained,  but  apart  from  this   trouble   the 
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writer  considers  the  Schmidt  to  be  a  satisfactory  design,  although  the 
inabiUty  to  take  out  any  defective  element  without  disturbing  others 
is  to  his  mind  a  great  objection. 

39  The  Cole  type  of  superheater  has  given  considerable  trouble 
from  leakage  at  the  joints  between  the  sub-headers  and  the  main 
header.  While  this  may  be  overcome  by  a  modification  in  the  design, 
the  number  of  defects  which  have  developed  has  been  most  serious. 
The  joints  are  probably  loosened  by  the  action  of  the  weight  of  the 
superheater  pipes  w^orking  backward  and  forward  when  the  engine 
is  in  service,  and  the  loosening  of  the  joints  causes  a  leakage  of  steam 
across  the  face  of  the  copper  gasket  and  rapidly  cuts  it  aAvay.  Ar- 
rangements are  now  being  made  to  support  the  lower  ends  of  headers 
so  as  to  prevent  their  movement,  and  it  is  thought  that  this  will  largely 
overcome  the  difficulty  No  trouble  is  experienced  in  the  joints 
between  the  superheater  pipes  and  sub-headers,  but  the  latter  are 
difficult  to  take  out  one  at  a  time  without  disturbing  those  adjacent, 
and  thus  in  case  of  a  defective  superheater  pipe  it  is  generally  neces- 
sary to  make  all  the  joints  over  again,  which  means  considerable 
work. 

40  The  Vaughan-Horsey  type  gave  considerable  trouble  at  first 
on  account  of  the  fittings  and  union  nuts  being  made  of  brass,  which 
deteriorated  in  the  heat  of  the  gases,  but  since  these  parts  have  been 
made  of  steel,  the  trouble  has  been  practically  overcome,  and  on 
account  of  this  design  permitting  any  pair  of  superheater  pipes  to  be 
withdrawn  without  disturbing  another,  a  defective  element  can  be 
taken  out,  the  joints  blinded,  and  the  element  replaced  at  the  first 
convenient  opportunity,  which  is  of  considerable  advantage  in  round- 
house maintenance  where  engines  are  worked  as  hard  and  as  continu- 
ously as  they  are  in  American  practice. 

41  In  general  the  maintenance  of  superheaters  has  not  proved 
expensive,  but  the  troubles  enumerated  have  led  to  annoying  and 
inconvenient  delays  to  power,  which  if  not  treated  on  their  merits 
might  be  held  to  condemn  the  device,  but  when  analysed,  there  seems 
to  be  no  insuperable  difl&culty  in  remedying  these,  and  with  the  proper 
remedy  the  writer  firmly  beUeves  there  is  nothing  about  a  superheater 
which  should  lead  to  its  giving  a  less  efficient  service  than  a  simple 
engine,  and  the  slight  additional  expense  is  amply  warranted  by  the 
saving  obtained. 

42  The  smoke  tubes  have  given  but  little  trouble,  in  fact  less 
trouble  than  the  ordinary  2  inch  or  2|  inch  tubes  which  the}' replaced. 
On  some  bad  water  districts  where  the  small  tubes  have  to  be  reset 
every  20,000  or  30,000  miles,  the  smoke  tubes  can  be  allowed  to  run 
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through  at  least  one  resetting  of  the  small  tubes,  which  is  probably 
due  to  the  considerably  better  circulation  and  their  greater  thickness. 
Some  difficult}^  has  been  experienced  from  the  smoke-tubes  stopping 
up  with  cinders  especially  with  the  Field-tube  type  of  superheater 
which  seems  particularly  bad  in  this  respect.  With  the  return  bend 
type  however  on  the  majority  of  the  roads  there  is  no  serious  difficulty 
in  this  respect,  although  it  is  necessary  to  see  that  the  tubes  are  prop- 
erly and  systematically  blown  out  and  kept  clean.  The  expense  in 
the  labor  involved  in  doing  this  is,  however,  negligible. 

43  The  maintenance  of  valve  and  piston  rod  packing  is  slightly 
greater  on  engines  running  with  superheated  steam  than  on  simple 
engines,  but  with  proper  lubrication  the  difference  is  not  serious.  It  is 
necessary  to  use  hard  close  grained  cast  iron  for  the  valve  and  piston 
rings,  but  with  suitable  types  of  piston  and  valve  stem  packing  there 
is  practically  no  difference  in  the  maintenance  of  simple  and  super- 
heater engines. 

44  In  general,  the  writer  believes  that,  while  it  may  be  necessary  to 
insist  on  the  proper  maintenance  of  superheaters,  the  expense  involved 
is  not  great,  and  with  the  proper  maintenance  and  the  improvement 
in  detailed  design  which  experience  is  leading  to,  there  will  be 
practically  no  decrease  in  the  mileage  to  be  obtained  from  the  super- 
heater as  compared  to  the  simple  engine,  and  that  the  additional 
cost  of  maintenance  will  be  unimportant. 

LUBRICATION 

45  When  engines  equipped  with  superheated  steam  were  intro- 
duced, it  was  considered  necessary  to  use  forced  lubrication  to  the 
valves  and  cylinders  and  this  belief  led  to  considerable  trouble  owing 
largely  to  the  various  forced  feed  lubricators  employed  which  did  not 
work  satisfactorily  with  their  rapid  wear  and  the  small  amount  of 
attention  they  received  from  the  enginemen.  During  the  past  year, 
however,  it  has  been  found  that  the  ordinary  hydrostatic  sight 
feed  lubricator  is  quite  as  satisfactory  on  engines  using  superheated 
steam  as  on  those  using  saturated,  but  it  is  necessary  with  the  oil  at 
present  employed  to  lubricate  the  cylinders  in  addition  to  simply 
lubricating  the  valves,  as  in  common  simple  engines.  The  present 
practice  is  to  use  separate  feeds  to  each  end  of  valve  and  to  center  of 
cylinder  near  the  top  and  with  this  arrangement  no  difficulty  is 
experienced  with  lubrication,  although  the  writer  believes  it  would  be 
advantageous  to  use  a  rather  heavier  valve  oil  than  is  at  present 
customary. 
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CONCLUSIONS 

46  The  writer's  experience  with  locomotives  using  superheated 
steam  has  not  been  free  from  vexations  and  annoying  troubles,  but  it 
has  on  the  whole  been  exceedingly  satisfactory. 

47  The  troubles  encountered  are  being  overcome  as  experience 
develops  their  cause  and  the  saving  obtained  is  apparent  in  the 
reduction  of  the  amount  of  coal  used  per  ton  mile  on  various  divisions 
of  the  road  as  superheater  locomotives  are  introduced.  The  additional 
capacity  of  the  engines  and  the  reduction  of  the  work  required  of  the 
fireman,  enabling  trains  to  be  handled  better,  and  the  development 
of  an  engine  which  in  extremely  cold  weather  can  be  as  easily  main- 
tained as  a  simple  engine  with  an  economy  equal  or  superior  to  that  of 
a  compound  is  an  important  advantage  to  any  railroad  working  in 
northern  latitudes. 

48  So  far  as  can  be  seen  at  present  there  is  no  valid  reason  for 
discontinuing  the  appUcation  of  superheaters,  and  the  writer  expects 
that  a  considerable  increase  in  the  number  in  use  will  take  place  in 
the  next  few  years. 

DISCUSSION 

Mr.  M.  E.  R.  Toltz:  Mr.  Vaughan  states  that  only  13  locomotives 
are  at  this  time  equipped  with  superheaters  in  the  United  States. 
He  did  not  take  into  consideration  the  two  locomotives  on  the  Great 
Northern  Railway  and  three  on  the  Northern  Pacific  to  which  are 
applied  the  Schmidt  flue  superheater. 

2  On  the  Great  Northern  Railway  one'of  the  locomotives  is'^of 
the  Pacific  type,  which  pulls  the  fast  passenger  train  over  the  Rocky 
Mountains  on  the  Kilispell  division;  the  other  is  of  the  prairie  type 
and  is  running  in  freight  service  on  the  St.  Paul  and  Willmar  division, 
having  a  maximum  grade  of  0.4  per  cent.  I  cannot  at  the  present 
time  give  any  information  about  the  Northern  Pacific  engine. 

3  A  year  ago,  Mr.  Vaughan  read  a  paper  before  the  New  York 
Railway  Club  on  superheated  steam  as  applied  to  locomotives.  At 
that  time  he  gave  comparative  results  obtained  on  the  Canadian 
Pacific  Railway  with  different  types  of  superheaters,  which  also 
showed  the  economy  in  coal  consumption.  I  doubted  very  much 
that  the  comparative  statements  of  the  different  engines  were  reliable, 
because,  as  Mr.  Vaughan  admitted,  the  coal  was  not  weighed  as  it 
should  have  been,  but  the  records  of  the  coal  heaver  were  taken  as 
correct. 

4  On  the  Great  Northern,  service  tests  only  have  been  made  and 
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we  have  tried  to  get  as  close  and  correct  a  coal  record  as  we  possibly 
could  and  it  was  found  that  the  passenger  engine  with  superheated 
steam  over  a  sister  engine  with  saturated  steam  gave  a  coal  saving  of 
from  15  to  18  per  cent  and  a  steam  saving  of  from  23  to  27  per  cent. 
With  the  prairie  type  superheated  steam  engine  in  freight  service  an 
average  of  from  12  to  15  per  cent  saving  in  coal  and  about  18  per  cent 
saving  in  steam  was  obtained.  These  results  were  taken  from  the 
monthly  performance  sheets. 

5  In  the  beginning  of  this  year  the  grade  of  coal  was  changed  on 
the  St.  Paul  and  Willmar  division  and  soon  it  was  reported  that  the 
freight  engine  with  the  superheater  was  falling  back  and  that  there 
was  not  the  economy  shown  before.  Upon  investigation  it  was 
found  that  about  one  hundred  and  sixty  of  the  lower  flues  in  the  boiler 
were  clogged  up  almost  solidly  by  oxid  of  iron  which  was  carried 
along  through  the  flues  from  the  coal  because  the  latter  contained 
(if  I  remember  rightly)  between  3  and  3J  per  cent  of  iron  pyrites. 
Upon  consultation  with  the  mechanical  department,  it  was  found 
necessary  to  make  changes  in  the  front  end  to  increase  the  draft  in 
the  lower  flues  after  the  clogged  up  flues  had  been  drilled  out/which 
took  about  ten  days. 

6  The  dampers  which  enclosed  the  superheater  elements  in  the 
front  end  were  taken  out  and  instead  a  so  called  common  front  end 
consisting  of  a  deflecting  plate  with  netting  was  put  in  place.  Next, 
the  draft  was  decreased  from  3^  to  2  inches  and  this  was  sufficient 
to  keep  the  lower  flues  clean,  which  fact  has  been  established  ever 
since  the  change  was  made,  because  they  have  not  shown  any  deposit 
of  this  oxid  of  iron  with  the  same  quality  of  coal.  This  is  now  two 
months  ago,  but  by  this  change,  the  draft  in  the  upper  flues  was 
decreased  so  much  that  instead  of  getting  a  superheat  of  from  200 
to  225  degrees,  only  a  superheat  of  90  degrees  was  obtained  (the 
temperature  of  this  superheat  was  taken  at  the  steam  chest)  and  in 
consequence,  saving  in  coal  was  reduced  to  8  or  8^  per  cent. 

7  Further  tests  will  be  made  by  opening  up  the  deflective  plate 
on  top,  so  that  more  gases  heated  to  a  higher  degree  will  pass  through 
the  large  smoke  tubes  in  which  the  superheater  elements  are  located, 
whereby  superheat  will  be  increased. 

8  I  do  not  agree  with  Mr.  Vaughan  that  the  dampers  are  abso- 
lutely necessary  in  the  front  end  to  protect  the  superheater  elements, 
but  to  be  on  the  safe  side,  the  throttle  valve  which  at  present  remains 
in  the  dome  on  top  of  the  steam  pipe  will  be  changed  and  located 
between  the  superheated  steam  chamber  and  the  steam  chests,  so 
that  at  all  times  the  superheater  elements  will  be  filled  with  steam 
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which  is  not  the  case  in  the  present  design  of  superheaters  when  the 
throttle  valve  is  closed.  A  further  improvement  that  I  am  going 
to  try  (I  do  not  know  whether  it  will  be  successful)  is  to  make  a 
connection  between  the  superheated  steam  chamber  and  the  dome 
by  a  pipe,  so  that  when  the  engine  is  not  working  or  the  throttle  valve 
is  closed  a  circulation  through  the  superheater  elements  will  be 
created.  My  theory  is  that  superheated  steam  being  lighter,  will 
flow  into  the  dome,  and  saturated  steam  will  therefore  be  drawn 
through  the  dry  pipe  into  the  superheater  elements. 

9  But,  at  any  rate,  Mr.  \'aughan  is  corect  in  saying  that  super- 
heated steam  is  going  to  sta}'  and  will  be  used  in  the  future  on  loco- 
motives. The  best  results  have  not  yet  been  obtained.  In  Europe 
a  15  per  cent  saving  in  coal  is  not  considered  extraordinary  because 
they  obtain  every  day  a  saving  of  from  25  to  30  per  cent  on  passenger 
runs  as  well  as  freight  runs  and  after  awhile  with  little  effort  we 
will  do  the  same.  In  Europe  a  higher  degree  of  superheat  is  used, 
while  we  are  working  with  a  superheat  of  about  150  to  200  deg. 
Herr  Schmidt  recommends  at  least  300  deg.  and  more,  as  long  as  the 
valves  and  the  cylinders  can  be  lubricated.  In  order  to  obtain  per- 
fect lubrication,  he  used  forced  feed  which  in  my  opinion  is  proper 
and  correct. 

H.  H.  Vaughan  I  am  glad  to  see  Mr.  Toltz's  endorsement  of  the 
principle  of  superheating,but  I  regret  that  I  omitted  to  mention  the 
engines  in  service  on  the  Great  Northern  and  the  Northern  Pacific. 
The  figures  given  were  compiled  from  replies  to  a  circular  letter  sent 
out  to  all  the  roads  in  the  United  States  and  Canada  and  the  omission 
occurred  because  no  replies  were  received  from  those  two  roads. 

2  In  connection  with  the  reliability  of  the  figures,  at  some  points 
on  the  Canadian  Pacific  Railroad  coal  is  weighed,  and  at  others  it  is 
measured,  but  I  consider  that  the  weight  given  is  reasonably  correct; 
at  an}'  rate  our  conclusions  agree  almost  exactl)^  with  those  which 
Mr.  Toltz  gives  from  exact  weights  on  the  Great  Northern,  so  that 
if  his  results  are  correct,  those  on  the  Canadian  Pacific  Railroad  are 
not  very  far  wrong. 

3  After  one  year's  experience  we  made  exactly  the  same  state- 
ment that  Mr.  Toltz  has  made  in  connection  with  dampers  as  the 
deterioration  in  the  pipes  was  not  apparent  until  after  one  or  two 
year's  service,  but  after  three  years'  experience  we  found  that  it  is 
absolutely  necessary  to  keep  them  up.  However,  the  experiments 
which  are  being  tried  by  Mr.  Toltz  will  be  very  interesting. 

4  It  is  difficult  for  me  to  believe  all  the  reports  of  the  large  saving 
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experienced  abroad,  as  certainly  no  experiments  so  far  conducted 
here  show  any  such  saving,  and  I  think  that  other  factors  besides 
the  introduction  of  superheating  have  led  to  the  reported  results. 
5  I  also  cannot  agree  with  Herr  Schmidt  that  forced  lubrication 
is  necessary,  as  our  experience  has  proved  distinctly  that  the  oil 
can  be  delivered  just  as  satisfactorily  with  the  sight  feed  lubricator 
as  with  the  force  feed,  and  if  this  is  done  no  other  system  can  do  more. 
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ANALYSIS  OF  LOCOMOTIVE  TESTS 

A.  Hikn's  Analysis  of  the  Pennsylvania  Railroad's  Locomotive 
Test  Conducted  at  St.  Louis  in  1904 

By  prof.  SIDNEY  A.  REEVE,  WORCESTER,  MASS. 
Member  of  the  Society 

The  following  analyses  were  made  in  an  attempt  to  ascertain  what 
proportions  of  heat  developed  within  a  locomotive  boiler  were  absorbed 
by  the  earlier  and  later  portions  of  the  heating  surface,  or  by  fire-box 
and  tubes,  respectively',  or  were  lost  up  the  stack.  The  St.  Louis  tests 
apparently  furnish  the  best  possible  basis  for  such  an  investigation. 

2  These  analyses  have  been  applied  to  the  tests  of  only  five  out  of 
the  eight  locomotives  reported  upon  at  St.  Louis,  because  by  the  time 
that  had  been  done,  it  had  become  plain  that  discrepancies  too  great  to 
be  handled  b}'  anyone  other  than  those  personally  acquainted  with 
the  tests  were  involved.  For  the  same  reason,  and  also  because  the 
investigation  was  begun  from  mere  professional  curiosity  rather  than 
with  any  responsible  aim  in  view,  the  laborious  computations  have 
been  checked  only  in  spots.  The  general  consistency  between  the 
five  different  series  of  analyses  was  relied  upon  to  indicate  little  proba- 
bility of  error. 

3  Further  inaccuracy  is  due  to  the  discrepancy  existing  in  the 
reports  between  the  chemical  analyses  of  the  coal  and  of  the  flue  gases. 
The  figures  given  in  the  following  tables  for  the  percentages  of  surplus 
air  present  in  the  furnace,  and  for  the  weight  of  flue  gases  passing  to 
the  stack  per  pound  of  dry  coal  burned,  must  be  open  to  question  to 
the  extent  of  about  one  tenth  of  their  values.  None  of  these  inac- 
curacies applying  to  individual  values,  however,  seriously  affect  the 
conclusions  which  are  enforced  by  the  analyses. 

4  The  essential  boiler  dimensions  of  the  five  locomotives,  the  tests 
of  which  are  analyzed  below,  are  these : 
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Locomotive  No.  1499:     Pennsylvania  simple  consolidation  (2-8-0). 

Grate  area 49 . 2     square  feet 

Heating-surface:  fire  box 166.4    square  feet 

Total 2482        square  feet 

Ratio  of  heating  surface  to  grate 

area 50.5 

Locomotive  No.  734 :       L.  S.  &  M.  S.  simple  (2-8-0). 

Grate  area 33 . 8    square   feet 

Heating  surface:  fire  box 218 .9    square   feet 

Total 2541 . 2    square   feet 

Ratio  of  heating  surface  to  grate 

area 75.2 

Locomotive  No.  585:     Michigan  Central  two  cylinder  cross  compound  (2-8-0). 

Grate  area 49 . 4    square   feet 

Heating  surface;  fire  box 165.7    square  feet 

Total 2819.2    square   feet 

Ratio  of  heating  surface  to  grate 

area 57. 1 

Locomotive  No.    535:      A.,  T.  &  S.  F.  four  cylinder  balanced  (Vauclain)  com 

pound  (4-4-2). 

Grate  area 48 . 4    square   feet 

Heating  surface :  fire  box 220 . 3    square   feet 

Total 2902.0    square   feet 

Ratio  of  heating  surface  to  grate 

area 60.0 

Locomotive  No.  3000:    N.  Y.  C.  &  H.  R.  four  cylinder  balanced  (Cole)  compound 

(4-4-2). 

Grate  area 49 . 9    square   feet 

Heating  surface,  fire  box 151.7    square   feet 

Total 3000.0    square   feet 

Ratio  of  heating  surface  to  grate 

area 60 . 1 


5  The  tables  and  diagrams  herewith  give  the  result  of  the 
analyses.  Each  table  or  diagram  presents  the  variation  of  the  dis- 
tribution of  the  heat  available  from  each  pound  of  dry  coal  burned, 
to  its  various  possible  destinations  in  the  boiler,  in  terms  of  a  varying 
rate  of  combustion  and  boiler  load.  The  five  series  of  tests  agree 
remarkably  in  pointing  the  following  apparent  results  of  increasing 
the  draft,  rate  of  combustion  and  boiler  load  from  a  moderate  to  an 
extreme  degree,  viz: 

a  Constancy,  or  only  slight  increase,  in  the  heat  lost  up  the 
stack; 
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b  Constancy,  or  only  slight  increase,  or  possibly  a  slight  de- 
crease, in  the  heat  absorbed  by  the  tubes; 

c  Marked  decrease  in  the  amount  of  heat  getting  to  the  steam 
otherwise  than  through  the  tube  surface,  or  supposedly 
by  radiation  through  the  fire-box  walls; 

d  Marked  increase  in  the  heat  not  accounted  for  by  the  test. 

6  The  only  heat  destination  not  computable  from  the  data  sup- 
plied in  the  reports  is  the  external  radiation.  This,  from  the  nature 
of  an  internally  fired  well  lagged  boiler  operated  under  constant  steam 
pressure,  is  naturally  (a)  very  slight  and  (6)  constant  for  all  boiler 
loads.     Reduced  to  the  terms  of  the  diagrams  or  per  one  pound  of 

TABLE  1     LOCOMOTIVE  No.  1499 


Weight  of 

Heat 

Heat 

Heat 

flue  gases 

appar- 

appar- 

not 

Rate  of 

SurpliKs 

per  1  lb. 

Boiler 

Boiler 

ently  radi- 

ently lost 

accounted 

Test 

com- 

air 

of  dry 

horse 

efficiency 

ated 

up  the 

for  by  the 

number 

bustion 

coal 

power 

through 
fire  box 

stack 

test 

22.7 

Per  cent 
73.6 

Pounds 
19.10 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

110 

373 

78.9 

60.7 

16.1 

2.0 

111 

27.8 

68.8 

17.66 

445 

77.6 

50.5 

15.4 

6.0 

109 

42.6 

66.8 

16.55 

533 

62.9 

27.7 

14.6 

16.0 

103 

42.4 

61.1 

16.64 

696 

67.2 

37.0 

13.3 

12.4 

112 

56.2 

37.1 

15.63 

662 

55.9 

27.6 

16.2 

16.5 

102 

66.5 

44.3 

15.40 

707 

53.4 

16.6 

16.0 

23.1 

106 

77.8 

52.6 

17.15 

797 

47.0 

28.0 

17.3 

25.2 

116 

71.6 

32.8 

14.01 

807 

65.5 

30.0 

15.8 

12.0 

118 

70.1 

30.2 

14.30 

816 

53.1 

28.0 

14.0 

15.4 

101 

86.4 

38.6 

15.79 

817 

45.3 

11.6 

17.2 

22.0 

115 

82.1 

21.0 

13.41 

867 

60.6 

21.6 

14.8 

15.6 

117 

84.6 

69.2 

18.68 

891 

48.7 

15.6 

20.0 

16.0 

coal  burned,  therefore,  it  should  stand  as  a  small  quantity,  decreasing 
in  proportion  as  the  rate  of  combustion  increases.  It  must  fail  com- 
pletely, therefore,  as  an  explanation  of  the  increasing  proportion  of 
heat  unaccounted  for  by  the  test  under  the  heavier  boiler  loads. 

7  The  results  shown  are  so  surprising  as  to  be,  to  the  writer,  incredi- 
ble. In  Locomotive  No.  1499  the  load  is  varied  by  239  per  cent 
and  the  rate  of  combustion  by  372  per  cent.  In  consequence,  the 
efficiency  drops  from  78.9  to  48.7.  Why  does  it  do  this?  Where 
does  the  lost  heat  go?  One  would  naturally  reply,  "Up  the  stack, 
because  under  heavy  load  there  is  no  longer  sufficient  heating  surface 
to  absorb  it."     But  the  observed  smoke  box  temperatures  show 
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Test  -  number 


Rale    of   Combustion:  SO 


Boiler-H*:       3oo    ■tco 


5oo  600  700        800  ^00 

FIG.    1      LOCOMOTIVE  No.   1499 
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almost  no  increase  in  the  loss  in  this  direction.  This  fact  has  already 
been  pointed  to  as  an  indication  of  how  efficient  the  locomotive  boiler 
is  under  forcing.  But  if  so,  where  is  the  efficiency?  The  locomotive 
engine  has  long  been  pointed  out  as  a  remarkably  efficient  power  plant. 
How  far  this  contention  may  be  supported  on  the  engine  side  of  the 
question  by  the  St.  Louis  tests  I  have  not  yet  investigated;  but  it  is 
certain  that  they  show  the  locomotive  boiler  part  of  the  power  plant  to 
be  a  pretty  poor  sort  of  an  affair,  except  when  run  under  very  light 
loads. 

8     In  stating  the  above  it  has  not  been  said  that  locomotive  design- 
ers are  to  be  blamed  for  not  turning  out  a  more  efficient  type  of  boiler. 


TABLE  2 

LOCOMOTIVE  No. 

734 

Heat 

Test 
number 

Rate  of 
com- 
bustion 

Surplus 
air 

Weight  of 

flue  gases 

per  1  lb. 

of  dry 

coal 

Boiler 
horse 
power 

Boiler 
efficiency 

appar- 
ently radi- 
ated 
through 
fire  box 
walls 

Heat 
appar- 
ently lost 
up  the 
stack 

Heat 

not 

accounted 

for  by  the 

test 

Per  cent 

Pounds 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

201 

32.8 

70.1 

21.32 

322 

65.2 

17.1 

15.6 

16.0 

202 

41.8 

64.7 

20.51 

439 

71.3 

23.1 

15.5 

8.6 

205 

52.7 

69.5 

21.12 

489 

61.4 

11.6 

17.5 

14.9 

203 

60.0 

62.4 

19.00 

539 

68.6 

14.2 

14.7 

19.2 

206 

80.8 

35.3 

17.19 

683 

56.3 

18.4 

15.1 

20.0 

209 

101.7 

43.2 

18.25 

776 

50.3 

10.15 

16.5 

24.4 

220 

117.0 

33.7 

17.41 

820 

46.5 

-1.6 

15.9 

31.1 

219 

120.8 

36.5 

18.32 

832 

45.0 

-1.7 

17.1 

30.1 

210 

121.3 

51.2 

21.30 

832 

45.6 

-9.2 

20.3 

24.8 

208 

{     123.0 

34.2 

17.65 

854 

46.2 

2.3 

16.7 

29.3 

213 

133.4 

34.7 

17.75 

861 

42.6 

-2.6 

17.3 

31.4 

212 

139.0 

30.6 

17.66 

•      887 

41.7 

-0.9 

16.8 

33.8 

Under  the  pecuHar  conditions  of  operation  which  prevail  with  loco- 
motive boilers,  and  particularly  when  forced,  the  efficiencies  recorded 
may  be  regarded  as  a  very  creditable  showing.  But  it  should  not  be 
disguised  that  the  performance  of  a  locomotive  boiler  when  forced  is  a 
heavy  discount  from  what  the  same  boiler  does  when  steaming  slowly. 

These  discounts  in  efficiency  are  shown  in  Table  6. 

9  My  personal  belief  is  that  these  efficiency  figures  are  correct, 
and  that  the  heat  is  lost  up  the  stack  to  a  greater  degree  when  the 
boiler  is  forced  than  when  steaming  easily.  Indeed,  I  believe  that 
the  stack  loss  is  the  chief  explanation  of  the  decreasing  efficiency 
under  forcing.     My  reasons  for  this  position  are: 
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l^est  -  number.       I  i 
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FIG.  2     LOCOMOTIVE  No   734 
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a  It  is  what  is  naturally  to  be  expected; 

h  My  little  faith  in  the  pyrometer  as  an  instrument  of  precision, 
particularly  when  temperatures  ^ise  to  the  point  where 
radiation  begins  to  be  as  active  as  conduction; 

c  The  unquestionably  greater  accuracy  of  the  instruments 
relied  upon  for  determining  the  other  heat  quantities 
recorded; 

d  The  way  in  which  this  assumption  solves  this  entire  riddle. 
For  if  the  stack  loss  of  the  diagrams  be  imagined  as  increas- 
ing with  the  load,  instead  of  remaining  constant,  the  inci- 
dental conclusions  would  be  that 

TABLE  3     LOCOMOTIVE  No.  585 


Heat 

Weight  of 

appar- 

Heat 

Heat 

Rate  of 

com- 
bustion 

flue  gases 

Boiler 
horse 
power 

ently  radi- 

appar- 

not 

'lest 
number 

Surplus 
air 

per  1  lb. 

of  dry 

coal 

Boiler 

efficiency 

ated 
through 
fire  box 

ently  lost 
up  the 
stack 

accounted 

for  by  the 

test 

Per  cent 

Pounds 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

301 

20.8 

97.5 

20.7 

324 

70.4 

43.7 

14.1 

10.3 

302 

20.5 

99.5 

22.3 

346 

76.9 

42.4 

15.0 

2.9 

303 

21.7 

105.5 

22.4 

373 

78.4 

43.7 

15.9 

2.7 

306 

34.0 

41.1 

15.8 

527 

70.4 

56.2 

11.4 

11.6 

305 

35.8 

48.1 

16.4 

586 

74.1 

60.7 

13.1 

9.0 

308 

42.2 

45.3 

16.3 

651 

69.0 

49.8 

13.0 

13.4 

317 

49.4 

91.3 

21.2 

711 

64.6 

25.4 

18.4 

9.3 

312 

54.4 

65.5 

16.8 

727 

60.3 

32.3 

15.0 

18.2 

309 

51.8 

50.3 

17.1 

739 

64.2 

43.5 

14.2 

16.6 

318 

65.4 

49.1 

16.9 

779 

63.2 

37.0 

15.3 

12.4 

319 

53.4 

59.3 

17.8 

793 

67.4 

48.4 

15.8 

11.2 

313 

56.0 

63.8 

17.1 

799 

64.3 

49.4 

14.1 

17.2 

1  the  heat  unaccounted  for  would  remain  a  small  con- 
stant for  all  loads,  and 

2  the  heat  reaching  the  steam  from  each  pound  of 
coal  would  be  divided  between  a  decreasing  proportion 
coming  through  the  fire  box  walls  (for  the  gross  fire  box 
radiation  must  be  fairly  constant  for  all  loads  above  an 
insignificant  one)  and  an  increasing  proportion  coming 
through  the  tubes,  the  further  ends  of  which  are  well 
heated  only  under  a  high  rate  of  combustion. 

Neverthless,  the  man  who  has  only  the  printed  records  to  go  by  may 
not  be  too  didactic  in  his  conclusions.     Having  pointed  out  the  facts, 
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the  explanation  may  well  await  their  discussion  by  the  gentlemen 
who  were  engaged  in  the  work. 

10  One  conclusion  may  be  pubhshed  dogmatically  and  emphatic- 
ally, however;  and  that  is  that  if  these  Hirn's  analyses  had  been  made 
at  the  time  of  working  up  the  results  of  the  tests  for  publication,  there 
would  not  have  been  the  present  uncertainty  as  to  the  value  of  these 
tests.  The  heat  unaccounted  for  would  have  been  noted,  and  those 
familiar  with  the  ground  would  have  been  able  to  chase  and  capture 
the  discrepancy.  The  engineering  profession  should  lay  down  the 
rigid  law,  as  a  matter  of  mere  labor  saving,  time  saving  and  value  of 
result,  that  no  boiler  test  has  been  acceptably  reported  until  it  has 
been  subjected  to  a  Hirn's  analysis,  and  that  no  engine  test  has  been 
acceptably  reported  until  it  has  been  subjected  to  an  entropy-tem- 
perature analysis  to  the  same  end. 


TABLE  4  LOCOMOTIVE  No.  635 


Heat 

Weight  of 

appar- 

Heat 

Heat 

flue  gases 

Boiler 
horse 

ently  radi- 

appar- 

not 

Test 

Rate  of 

Surplus 

per  1  lb. 

Boiler 

ated 

ently  lost 

accounted 

number 

com- 

air 

of  dry 

efficiency 

through 

up  the 

for  by  the 

bustion 

coal 

power 

fire  box 

stack 

test 

Per  cent 

Pounds 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

601 

18.1 

91.4 

21.3 

309 

78.4 

44.4 

15.0 

3.6 

602 

24.2 

73.3 

19.5 

377 

71.1 

34.6 

14.5 

11.5 

603 

28.5 

68.3 

18.8 

453 

73.6 

35.3 

14.7 

9.1 

604 

42.6 

76.6 

19.9 

600 

64.5 

21.6 

16.3 

15.3 

606 

42.5 

78.6 

19.6 

612 

66.2 

25.7 

16.4 

14.7 

606 

51.0 

59.4 

17.9 

721 

65.0 

28.1 

15.5 

17.1 

607 

67.4 

58.0 

17.6 

896 

62.4 

22.9 

16.5 

18.1 

609 

92.0 

62.1 

18.5 

1005 

50.1 

11.0 

17.5 

25.1 

613 

105.5 

39.8 

16.3 

1086 

47.3 

6.7 

16,2 

28.7 

160 

120.6 

39.6 

15.9 

1146 

44.0 

7.9 

16.2 

30.2 

611 

117.9 

62.5 

18.4 

1187 

46.1 

1.9 

19.0 

27.6 
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Test-numter:    60160260$         6o3    606  60J'  609  6j3        6// 6(0 


Kate  of  (Combustion:  80  4o 


Boiler   IP:  5oo    +00    5oo     600     ^00     ftoo     500  /ooo  :ioo  tZoo 

FIG.  4     LOCOMOTIVE  No.  535 
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Tesi-numter:  8oi       do2        8o5       So^  806  dlS   Stk 


801  6i5 


QtZ 


Rate   of  combustion:  SO 


poller  IP  4oo     5oo    600    700     800  500      1000    1/00  J2oo        j30o         I'too 

FIG.   5     LOCOMOTIVE  No.  3000 
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DISCUSSION 


Prof.  W.  F.  M.  Goss  In  so  far  as  Professor  Reeve's  paper 
appears  to  be  offered  in  criticism  of  the  Society's  Committee,  which 
was  associated  with  locomotive  testing  at  St.  Louis,  I  wish  to  say 
that,  in  my  opinion,  there  is  no  just  ground  for  such  criticism. 
This  statement  is  emphasized  by  the  fact  that  Professor  Reeve  has 
gone  outside  of  the  report  of  the  Society's  Committee  and  has  taken 
data  from  other  sources  upon  which  to  base  his  arguments. 

2  As  to  the  real  merits  of  his  discussion  I  would  add  that  those 
who  have  studied  the  locomotive  problem  well  understand  that  the 
efficiency  of  the  machine  diminishes  as  the  power  developed  increases. 
That  quantity  which  he  designates  as  "unaccounted  for  loss"  is  not 
so  in  fact.  It  is,  chiefly,  though  not  entirely  accounted  for  in  the 
unconsumed  fuel  which  is  discharged  from  the  stack.  In  planning 
the  tests  by  the  Pennsylvania  Railroad  Company  it  was  sought  to 
provide  for  all  data  necessary  to  a  complete  heat  balance  representing 
the  action  of  the  locomotive  boiler,  but  the  problem  in  locomotive 
service  is  difficult  and  it  was  discovered  that  the  means  by  which 
it  was  sought  to  secure  such  results  were  insufficient.  As  a  con- 
sequence, while  a  large  amount  of  data  bearing  upon  that  general 
problem  was  accumulated  none  of  it  has  been  published.  The  prin- 
cipal difficulty  centers  in  the  sampling  of  the  smoke  box  gases  and 
in  securing  an  accurate  measure  of  the  fuel  losses  in  the  form  of 
sparks. 

3  May  I  be  permitted  to  add,  that  my  experience  in  testing  loco- 
motives has  convinced  me  that  the  most  difficult  part  of  the  whole 
process  is  that  of  sampHng  smoke  box  gases.  Many  different  plans 
have  been  tried  and  have  proved  insufficient.  I  am  glad  to 
announce,  however,  that  there  will  soon  issue  from  the  Purdue  labora- 
tory data  covering  25  or  30  tests  which  are  consistent  and  complete 
with  respect  to  the  smoke-box  gases.  These  wiU  probably  consti- 
tute the  only  series  of  facts  which,  up  to  this  time,  have  been 
developed  in  locomotive  service  supplying  an  accurate  measure  of 
all  the  quantities  which  go  to  make  up  the  losses  which  Professor 
Reeve  emphasizes  as  unaccounted  for. 

Prof.  Wm.  Kent  The  paper  does  not  give  the  data  from  which 
the  results  shown  in  the  diagrams  were  computed,  but  these  data 
probably  include  the  ordinary  analysis  by  the  Orsat  instrument  of 
the  composition  of  the  chimney  gases,  giving  only  COj,  0,  CO,  and  N 
by  difference,  taking  no  account  of  hydrogen  or  hydro-carbons.  A 
large  part  of  the  heat  not  accounted  for  is  probably  due  to  the  hydro- 
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gen  or  hydro-carbons  that  pass  away  unburned.     Hydrogen  may  be 
formed  in  a  furnace  by  the  decomposition  of  the  moisture  in  the  coal. 

2  With  forced  driving,  the  size  of  the  combustion  chamber  is  not 
large  enough  to  secure  the  complete  burning  of  the  smoky  gases. 
These  gases  enter  the  tubes  at  a  lower  temperature  than  they  would 
if  they  were  thoroughly  burned.  This  may  account  for  the  fact  that 
the  heat  absorbed  by  the  tubes  is  no  greater  with  rapid  than  with 
slow  driving. 

3  I  would  like  to  know  what  authority  there  is  for  calling  the  heat 
balance  in  connection  with  a  boiler  test  a  "Hirn  analysis,"  and  to  be 
referred  to  any  book  in  the  English  language  where  a  Hirn  analysis 
for  a  boiler  test  is  described.  All  the  references  to  Hirn's  analysis  that 
I  have  show  that  it  is  applied  to  steam  engines  and  not  to  boilers. 
The  author  of  the  paper  says  that  if  this  Hirn's  analysis  had  been 
made  at  the  time  of  the  working  up  of  the  results  of  the  tests,  the  heat 
unaccounted  for  would  have  been  noted  and  those  familiar  with  the 
ground  would  have  been  able  to  "  chase  and  capture  the  discrepancy." 
I  have  never  yet  seen  any  report  of  a  boiler  test  with  Western  coal  in 
which  the  heat  unaccounted  for  has  been  "chased  and  captured," 
although  the  heat  balance  was  made  immediately  after  the  test,  for 
the  reason  that  I  have  never  known  of  a  boiler  test  in  which  the 
hydrogen  and  hydro-carbons  escaping  into  the  stack  were  determined 
by  analysis.  We  will  not  be  able  to  "chase  and  capture"  the  dis- 
crepancy until  we  have  better  means  of  obtaining  a  correct  average 
temperature  of  the  escaping  gases  and  correct  methods  for  determin- 
ing the  hydrogen  and  hydro-carbons,  when  they  amount  to,  say,  only 
one  or  two  per  cent  of  the  total  volume  of  the  chimney  gases. 

The  Author  In  reference  to  Professor  Goss'  statement  that 
the  paper  "appears  to  be  offered  in  criticism  of  the  Society's  Com- 
mittee," it  should  be  replied  that  such  was  not  at  all  the  author's 
intention.  His  primary  object  in  submitting  the  paper  will  be  referred 
to  later.  It  was  quite  as  an  incident  to  this  that  he  found  occasion 
to  call  attention  to  the  insufficiency  of  present  methods  of  reporting 
tests,  which  are  habitual  with  many  engineers  besides  those  concerned 
here.  Since  the  official  report  published  by  the  Pennsylvania  Rail- 
road Company  presents  the  results  of  these  tests  in  a  form  which 
quite  fails  to  bring  out  their  chief  significance,  it  would  seem  inevit- 
able that  the  method  of  report  should  come  in  for  criticism.  But  no 
attempt  has  been  made  to  locate  responsibility  for  the  lack,  and  no 
desire  has  been  felt  to  insinuate  further  fault  than  a  failure  to  reform 
the  defective  methods  of  the  past. 
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2  Nor  is  the  question  one  as  to  the  possible  accuracy  of  observa- 
tion of  evasive  quantities,  as  Professor  Goss'  words  would  indicate. 
It  is  a  question  of  so  reporting  the  results  that  it  becomes  obvious 
that  quantities  which  could  not  be  measured  were  not  measured. 

3  The  way  in  which  the  paper  originated  shows  this:  A  promi- 
nent locomotive  designer  wrote  to  me  calling  my  attention  to  the 
very  slight  waste  of  energy  up  the  stack,  as  shown  by  these  St. 
Louis  tests.  At  first  reading  of  the  St.  Louis  report  it  appeared  that 
the  gentleman  was  right.  It  appears  now  that  he  was  deceived. 
Professor  Goss  and  Professor  Kent  both  say,  in  effect,  that  he  was. 
They  say  that  sparks,  hydrocarbons,  etc.,  were  escaping  up  the  stack 
in  profusion,  under  heavy  load,  and  that  it  was  impossible  to  measure 
them.  But  nowhere  in  the  report  is  any  such  a  statement  to  he 
found.  Nowhere  appears  a  caution  that  the  heavy  power  tests  must 
be  discounted  in  accuracy  to  whatever  degree  the  reader  may  attach 
to  a  30  per  cent  failure  to  balance.  Nowhere  appears  a  caution  that 
this  discount  applies  to  every  test  in  a  different  degree.  On  the 
other  hand,  specific  and  accurate  statements  of  both  sorts  of  stack- 
losses,  in  sparks  and  in  chemical  composition,  are  found,  refined  to 
decimal  places.  If  they  are  worthless  for  the  only  purpose  to  which 
an  engineer  might  put  them,  to  the  egregious  degree  shown  by  the 
analyses,  why  does  not  the  report  say  so?  The  report  is  responsible 
for  widely  spread  wrong  inference  as  to  the  degree  to  which  it  illumi- 
nates locomotive-action,  and  criticism  of  a  constructive  sort  is  not 
out  of  place. 

4  If  it  takes  such  a  laborious  analysis  as  these  heat-balances 
to  bring  out  the  elementary  significance  of  these  results,  why  is  it 
such  an  untoward  thing  to  demand  that  such  analy-  es  be  regarded  as  a 
standard  part  of  the  clerk's  duties  in  reporting  any  and  every  boiler- 
test? 

5  Both  Professor  Goss  and  Professor  Kent,  in  their  second  para- 
graphs, speak  of  the  unaccounted  for  heat  of  a  locomotive  boiler  test 
as  if  its  destination  were  quite  a  settled  fact.  Yet  each  of  them  says, 
in  his  final  paragraph,  that  it  is  as  yet  quite  impossible  to  determine 
its  destination.  If  Professor  Goss'  forthcoming  reports  upon  his 
investigation  of  this  question  really  are  to  constitute  our  first  knowl- 
edge, why  is  not  this  paper,  calling  attention  to  the  great  lack,  a 
natural  and  acceptable  preface  thereto? 

6  The  question  as  to  the  hydrogen  escaping  undetected  in  the 
flue-gases,  which  Professor  Kent  mentions,  was  carefully  investigated 
in  'a  large  number  of  the  tests.  The  results  were  fairly  consistent  with 
each  other,  but  not  with  the  remainder  of  the  data  published.     The 
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paper  makes  mention  of  this.  If  this  is  the  explanation  of  the  lost 
30  per  cent  of  the  heat,  the  report  should  have  stated  the  fact  plainly 
and  prominently.  Enough  care  was  taken,  and  enough  space  in 
the  report  devoted  to  provision  against  minor  errors  of  1  per  cent 
or  less,  to  make  this  default  of  over  30  per  cent  indefensible. 

7  But  all  of  this  is  incidental  merely.  The  prime  object  of  the 
paper  was  to  bring  out  the  fact  that,  in  this  day  of  striving  after 
enormous  powers  and  train  loads  on  our  railroads,  a  loss  of  power 
amounting  to  several  hundreds  of  horse  power  in  a  single  locomotive 
remains  apparently  overlooked  and  unexplored.  For  if  the  impor- 
tance of  this  fact  had  been  grasped,  if  even  the  fact  itself  had  been 
known,  it  is  fair  to  assume  that  the  locomotive  engineers  of  the 
country  would  have  been  centering  their  interest  upon  it,  the  loco- 
motive periodicals  would  have  contained  frequent  reference  to  it, 
and  the  St.  Louis  tests  would  have  been  directed  primarily  toward 
the  doing  of  this  very  "  chasing  and  capturing"  which  Professor  Kent 
so  derides  as  impossible  and  Mr.  Goss  says  he  has  done. 

8 ,  I  very  much  regret,  that  the  paper  has  elicited  no  discussion 
whatever  of  this  main  question,  namely,  the  desirability  and  feasi- 
bility of  so  designing  our  locomotives  that  the  stack-losses,  or  what- 
ever they  may  be,  may  be  lessened  at  heavier  loads,  even  if  they  are 
thereby  made  greater  at  light  loads.  If  the  trouble  lies  in  the  incom- 
plete combustion  of  the  hydrocarbons,  due  to  insufficient  firebox 
space,  then  it  would  seem  profitable  to  burden  the  locomotive  with 
an  exaggerated  combustion  chamber.  If  it  be  due  to  the  objection 
of  solid  unburned  fuel,  there  must  be  some  remedy  for  that.  If  it 
be  due  to  high  stack-temperatures,  as  I  judge  from  the  discussion  is 
still  an  open  question,  then  it  will  be  profitable  to  burden  the  machine 
with  a  corresponding  suitable  remedy. 

9  It  does  not  seem  that  locomotive  designers  are  concerning  them- 
selves deeply  over  ways  and  means  to  any  of  these  ends,  except  pos- 
sibly the  first.  In  view  of  the  facts,  it  would  seem  profitable  to 
inquire  why  this  is  so. 

10  The  conclusion  of  prime  importance,  however,  is  that  our 
heavy  locomotive  should  possess  a  better  efficiency  when  forced.  It 
is  not  that  fuel  will  be  saved,  but  that  heavier  trains  can  be  hauled. 
If  the  boiler  of  Test  812  had  had  the  efiiciency  actually  attained  by 
the  boilers  in  Tests  110,  303  or  601  there  would  have  been  available 
for  traction  a  round  thousand  horse  power  more  from  the  same  fire 
box  and  fire  than  was  actually  gotten.  It  is  idle  to  reply  that  this  is 
impossible.  Of  course  it  is,  to  get  all  of  it.  But  if  even  half  of  this 
thousand  horse  power  could  be  saved,  the  gain  in  trainloads  would  be 
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enormous.     And  at  present  we  are  not  trying  to  save  it.     We  are 
plainlj'  designing  for  maximum  efficiency  at  quarter  load. 

11  Then  there  is  the  fuel  consideration,  after  all.  Take  locomo- 
tive No.  535.  Suppose  that  it  usually  operates  one-quarter  of  the 
time  at  300  h.p.  and  78.4  per  cent  efficiency;  one-quarter  of  the  time 
600  h.p.  and  64.5  per  cent  efficiency;  one-quarter  of  the  time  900  h.p. 
and  62.4  per  cent  efficiency,  and  the  remaining  quarter  at  1150  h.p. 
and  44  per  cent  efficiency.  Its  mean  effective  efficiency  is  57.6  per 
cent.  Suppose,  on  the  other  hand,  that  the  boilers  were  so  designed 
as  to  have  efficiencies,  under  these  four  loads,  respectively,  of  44, 
62.4,  78.4  and  64.5  per  cent,  the  same  efficiencies  as  actually  attained, 
but  differently  arranged  in  terms  of  load.  The  mean  effective  efficiencj' 
would  then  be  66.3  per  cent,  meaning  a  saving  in  fuel-bills  of  13 
per  cent.     It  certainly  seems  as  if  this  might  be  accomplished. 

12  The  one  point  which  the  writer  wishes  to  emphasize  is  the 
large  amount  of  power — from  500  to  800  h.  p. — which  these  loco- 
motives would  have  been  able  to  develop  from  the  /ire  they  were  actu- 
ally able  to  maintain  over  and  above  the  maximum  power  developed 
had  they  been  designed  to  develop  their  maximum  efficiency  at  higher 
rather  than  at  lower  loads.  A  jump  in  maximum  boiler  capacity 
jrom  'present  size  of  fire  from  1400  to  2000  h.p.,  which  is  what  these 
St.  Louis  tests  offer  us  for  correct  design,  is  a  big  matter,  even  if  we 
get  only  a  part  of  it. 

13  The  heat  designated  as  absorbed  b}'  the  firebox  is  computed 
by  taking  the  difference  between  the  heat  absorbed  in  steam  making, 
which  is  probably  one  of  the  most  accurate  in  the  tests,  and  the  heat 
apparent  in  the  temperature  range  between  fire  box  and  smoke  box, 
which  is  presumably  that  absorbed  by  the  tubes. 
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MATERIALS  FOR  THE  CONTROL  OF  SUPER- 
HEATED  STEAM 

M.  W.  KELLOGG,  NEW  YORK,  N.  Y. 
Non-Member 

GENERAL 

Since  the  introduction  of  superheated  steam  as  a  large  factor  in 
economy  in  stationary  power  plant  use,  the  question  of  what  type 
of  material  is  best  for  the  proper  controlling  of  the  resulting  high  tem- 
peratures has  caused  a  great  deal  of  investigation  and  interest. 

2  In  the  following  discussion  of  materials,  some  reasons  will  be 
given  which  are  the  results  of  experience  and  test,  and  other  facts 
which  we  have  accumulated  from  reliable  sources  will  be  shown. 
This  article  treats  particularly  of  what  might  be  called  in  a  general 
way  piping  systems,  which  systems  are  made  up  of  pipe,  fittings, 
valves,  and  the  necessary  details  connected  therewith,  such  as  joints, 
gaskets,  etc.,  and  are  taken  up  separately. 

PIPE 

3  There  can  be  little  question  as  to  the  matter  of  pipe  except 
quality.  Of  course,  welded  wrought  iron  or  steel  pipe  is  successful, 
but  the  difference  in  the  quality  of  pipe  under  different  conditions  is 
very  material.  As  in  nearly  all  instances  in  a  superheated  steam 
station  the  old  fashioned  screwed  joint  is  not  satisfactory,  it  is  neces- 
sary to  do  what  is  termed  "work"  the  pipe — that  is,  weld,  van  stone, 
etc. — to  make  either  a  welded,  van  stone,  or  other  joint  of  the  same 
general  description. 

4  The  accompanying  cut  is  what  is  known  as  a  "van  stone  joint." 

5  For  this  work,  the  pipe  made  from  open  hearth  steel  is  a  great 
deal  the  best  for  manufacturing  reasons,  because  it  can  be  properly 
"worked, "  there  being  less  carbon,  and  the  quality  is  much  more  uni- 
form.    Bessemer  steel  pipe  will  very  often  act  in  a  satisfactory  man- 
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net,  but  one  is  never  sure  that  Bessemer  will  run  even  and,  therefore, 
troubles  may  result. 

6  It  is  practically  impossible  to  "work"  wrought  iron  pipe.  In 
making  what  is  known  as  a  "van  stone  joint,"  the  pipe  is  nearly  sure 
to  split  very  badly,  not  only  at  the  weld  but  all  around  its  outer 
circumference 


FIG.    1     VAN  STONE  JOINT 


7  Nearly  opposite  qualities  from  those  used  for  getting  good 
results  from  "working"  pipe  are  required  for  threading.  A  good 
quality  of  wrought  iron  will  cut  and  thread  more  easily  with  stand- 
ard pipe  machines  and  standard  dies  than  a  steel  pipe,  and  a  Besse- 
mer steel  pipe  will  thread  much  more  easily  with  standard  dies  than 
open  hearth. 

8  A  great  many  manufacturers  have  difficulties  in  threading  open 
hearth  steel  pipe,  for  the  reason  that  they  set  the  dies  exactly  the 
same  as  if  they  were  cutting  other  qualities.  This  causes  ripping  of 
threads,  etc.  The  die  in  a  pipe  machine  should  be  set  at  a  greater 
angle,  with  the  radius  of  the  pipe  passing  through  the  point  of  contact 
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of  the  die  for  soft  steel,  than  it  would  be  for  other  kinds,  and  this  in 
itself  will  very  often  eliminate  great  troubles  in  this  line.  The  ques- 
tion of  lubrication,  etc.,  is  also  important. 

9  The  ordinary  commercial  pipe  will  stand  more  pressure  than 
the  average  person  believes.  A  standard  1  inch  piece  of  welded  pipe 
will  usually  not  break  under  1600  pounds  per  square  inch  hydraulic 
pressure. 

10  Full  weight  pipe,  I  believe,  is  perfectly  suitable  for  any 
temperature  and  any  working  pressure  up  to  225  or  250  pounds,  as 
long  as  it  is  not  thinned  at  any  point  by  cutting  and  threading. 

FITTINGS 

11  The  design  of  fittings  as  generally  manufactured  for  the  dif- 
ferent purposes  are,  in  a  general  way,  very  satisfactory,  with  the  one 


FIG.  2      WELDED  WORK 


exception  that  very  few  manufacturers  on  their  standard  articles 
include  what  is  known  as  the  "long  fillet"  between  the  body  of  the 
fitting  and  the  flange.  This  is  a  very  desirable  point,  due  to  the 
fact  that  at  this  place  there  is  the  greatest  strain  from  shrinkage  in 
the  molds,  which  also  tends  to  develop  porous  spots.  Many  large 
users  of  this  type  of  material  have  learned  this  thoroughly  and  design 
their  fittings  specially;  the  chief  difference  in  their  design  from  that 
of  the  general  manufacturer  merely  covering  this  point.  The  quality 
of  the  material  in  fittings,  however,  is  a  very  important  thing  in  con- 
nection with  superheated  steam. 

12     The  latest  practice  is  to  do  away  with  fittings  entirely  on  high 
pressure  steam  lines  and  put  what  are  known  as  "nozzles"  on  the 
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piping  itself.  This  is  accomplished  by  welding  wrought  steel  pipe 
on  the  side  of  another  section,  so  as  to  accomplish  the  same  result 
as  a  fitting.  In  this  way  rolled  or  cast  steel  flanges  and  a  van 
stone  or  welded  joint  can  be  used.  This  method  has  three  distinct 
advantages,  to  wit: 

a  The  quality  of  the  metal  used,  for  reasons  explained  here- 
after when  the  subject  of  the  effect  of  heat  on  metals  is 
taken  up. 

h  The  lightening  of  the  entire  work. 

c  The  doing  away  with  a  great  m.any  joints. 

13  As  a  general  average,  at  least  50  per  cent  of  the  joints  can  be 
left  out,  and  sometimes  this  proportion  runs  up  as  high  as  60  or 
70  per  cent,  according  to  the  layout  of  the  system. 

14  If  this  method  is  employed,  substantial  welds  must  be  made, 
not  only  to  stand  the  pressures  required  but  also  the  strains;  this  is 
accomplished  successfully  in  Germany,  England,  and  the  United 
States. 

VALVES 

15  It  is  important  to  have  a  good  design  of  valve.  I  believe  that 
nearly  any  of  the  designs  made  by  the  good  manufacturers  are  entirely 
suitable,  sucli  as  a  broken  or  solid  wedge  valve  of  the  ordinary  t}^e, 
under  the  condition  that  all  machine  work  is  done  thoroughly  and 
the  quality  of  metal  used  is  satisfactory  for  the  purpose  intended. 

16  It  may  be  interesting  to  note  here  the  effect  of  a  large  range 
of  temperatures  on  a  short  piece  of  steel.  By  calculation,  a  piece  of 
steel  six  inches  long,  heated  500  degrees,  will  expand  0.019  inch.  This 
figure  is  put  down  to  show  how  variations  in  the  coefficient  of  expan- 
sion of  metals  by  heat  have  a  large  effect  on  the  permanency  of  a 
valve  staying  tight,  and  it  can  readily  be  seen  that  a  small  proportion 
of  the  distance  given  is  suflficient  to  cause  trouble. 

METALS 

17  I  find  that  different  authorities  vary  slightly  in  their  statement 
as  to  what  temperatures  different  metals  will  stand  with  good  results. 
German  authorities  state  that  cast  iron  should  not  be  used  above  480 
deg.  fahr.  Other  authorities  allow  us  to  go  as  high  as  575  deg.  fahr. 
Above  these  temperatures  in  cast  iron  the  limit  of  elasticity  is  reached 
with  a  pressure  varying  from  140  to  175  pounds.  Under  such  con- 
ditions the  material  is  strained  and  does  not  resume  its  former  shape, 
and  eventually  shows  surface  cracks,  which  continue  to  grow  until  it 
lets  go.     These  temperatures  and  pressures  also  lead  in  time  to  a 
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shrinkage  of  all  parts,  and  to  a  structural  alteration  of  the  metal, 
which  results  in  leakages  in  valves  at  the  seatings.  Therefore,  it 
would  seem  that  iron  castings  are  unsuitable  for  both  fittings  and 
valves  to  be  used  in  any  superheated  steam  work.  While  they  may 
last  for  some  time,  after  a  few  years'  use  the  metal  becomes  very 
weak  and  some  cast  iron  reaches  the  point  in  weakness  where  if  it 
were  merely  tapped  lightly  with  a  hammer  it  would  break  into 
pieces. 

18  The  only  adaptable  metal  I  believe  to  be  cast  steel.  The 
results  of  tests  on  this  metal  by  Bach  for  the  effect  of  temperature 
are  such  that  at  572  deg.  fahr.  the  reduction  in  breaking  strength 
only  amounts  to  about  1.1  per  cent  and  at  752  deg.  fahr.  to  about 
7.8  per  cent.  Therefore,  it  seems  that  this  metal  is  practically  cap- 
able of  withstanding  all  pressures  and  temperatures  up  to  at  least 
800  deg.  fahr.,  without  showing  any  appreciable  weakness. 

19  The  influence  of  high  temperatures  on  bronze,  etc.,  is  very  ma- 
terial. At  ordinary  temperatures  this  metal  has  a  breaking  strength 
of  about  34,100  pounds  per  square  inch  and  an  elongation  of  36  per 
cent.  At  572  deg.  fahr.  the  breaking  strength  falls  to  about  19,500 
pounds  per  square  inch  and  the  elongation  to  11.5  per  cent.  At  662 
deg.  fahr.,  which  is  quite  a  common  temperature  as  it  leaves  the 
superheaters,  the  breaking  strength  of  bronze  only  amounts  to  12,200 
pounds  per  square  inch  and  the  elongation  at  the  breaking  point  is 
only  approximately  If  per  cent.  This  seems  to  eliminate  entirely 
brass  or  bronze  of  ordinary  composition  for  use  with  highly  super- 
heated steam. 

20  The  effect  of  temperature  on  nickel  is  very  similar  to  that  of 
cast  steel  and  in  consequence  this  material  is  very  suitable  for  use  in 
connection  with  highly  superheated  steam.  Bach  recommends  that 
bronze  alloys  be  done  away  with  for  use  on  steam  lines  above  a  tem- 
perature of  about  390  deg.  fahr.  Even  neglecting  the  special  quality 
of  nickel  seatings,  on  account  of  the  great  toughness  of  this  metal  and 
the  methodswhich  can  be  used  for  securing  rings  of  this  substance  to 
the  valves  and  conical  surfaces,  it  has  the  special  advantage  of  having 
the  coefficient  of  contraction  and  expansion  with  temperature  almost 
exactly  the  same  as  that  of  cast  steel,  so  that  no  slackness  of  the 
rings  occurs  and  the  valves  remain  absolutely  steam  tight.  There 
are  instances  in  which  valves  constructed  with  nickel  seatings  have 
been  satisfactorily  used  with  steam  temperatures  up  as  high  as  932 
deg.  fahr. 

21  Seats,  discs,  and  bushings  made  of  brass  or  plain  bronze  do 
not  retain  their  shape. 
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22  For  spindles  on  superheated  steam  work  I  strongly  recommend 
nickel  steel,  which  holds  its  shape  and  does  not  deteriorate  with  high 
temperatures. 

23  Seatings  in  valves  should  not  only  be  screwed  in  but  also  pinned 
in  addition,  using  a  fine  thread  which  is  very  long,  to  give  a  tight  joint. 
Seats  should  also  have  a  flange  on  the  top  that  makes  a  joint  with  the 
body  when  screwed  down,  which  prevents  the  tendency  to  leak 
through. 

JOINTS 

24  I  think  it .  is  generally  acknowledged  that  the  old  fashioned 
screwed  joint,  no  matter  how  well  made,  would  not  be  suitable  for 
superheated  steam  work.  This  leaves  for  discussion  two  general 
types,  viz:  welded  joints,  and  what  are  generally  known  as  van  stone 
or  climax  joints;  that  is,  any  joint  where  the  pipe  is  turned  over  the 
face  of  the  flanges. 

25  In  welding  a  flange  on  a  piece  of  pipe,  great  care  must  be  taken 
to  see  that  the  weld  is  perfect  because  of  the  unequal  thicknesses  of  the 
metals  to  be  so  welded.  If  the  weld  is  thoroughly  made,  this  type  of 
joint  is  very  good,  although  for  erection  purposes,  due  to  the  fact  that 
the  flanges  cannot  swivel,  it  does  not  equal  the  turned-over  joint  as 
mentioned  above.  The  manufacturing  expenses  in  making  a  welded 
joint  are  also  much  more  for  the  same  type  of  work  accomplished,  on 
account  of  the  necessity  of  doing  all  finishing  work  after  all  rough 
work,  such  as  welding  and  bending,  has  been  completed.  Therefore 
the  cost  of  welded  joints  is  greater,  not  only  for  the  work  done  but 
because  of  the  increased  expense  in  finishing  on  account  of  the  neces- 
sity of  employing  methods  different  from  those  where  the  flanges, 
etc.,  were  all  finished  before  the  joints  were  made,  as  ispossible  on  the 
turned-over  joint  mentioned  above. 

26  In  regard  to  the  turned  over  or  van  stone  joint,  the  quality  of 
its  manufacture  seems  to  us  the  most  important  feature.  This  joint 
can  be  made  in  a  careless  way  where  the  pipe  is  in  no  waj^  thickened 
up  and  only  faced  on  the  front.  A  joint  of  this  kind  does  not  give 
good  results,  principally  for  two  reasons: 

a  The  thinness  of  the  metal  on  the  turned  over  portion;  and 
b  On  account  of  the  recesses  left  between  the  back  of  the  pipe 

on  the  turned  over  portion  and  the  flange,  due  to  the  pipe 

not  being  finished  at  this  point. 

27  The  writer  believes,  however,  if  this  joint  is  properly  made,  it 
is  equal  to  the  welded  joint  as  a  manufactured  article  and  superior 
to  the  welded  joint  as  an  article  for  erection. 
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28  To  have  this  type  well  made,  the  pipe  on  the  end  should  be 
thickened  up  in  an  amount  sufficient  so  that  after  the  joint  is  turned 
over  there  will  be  enough  metal  left  to  face  the  turned  over  portion  on 
the  front,  on  the  outer  edge,  and  on  the  back.  We  of  course  take  for 
granted  that  the  flanges  are  finished  on  the  front.  After  the  work 
above  mentioned  is  done,  the  pipe  should  be  as  thick  on  the  turned 
over  portion  as  the  original  thickness,  or  very  close  to  it.  Increas- 
ing the  thickness  of  the  pipe  on  the  end  before  going  through  the 
operation  is  done  in  several  ways.  In  a  general  way,  I  consider  any 
of  the  methods  satisfactory.  The  point  made  of  facing  the  turned  over 
portion  of  the  pipe  on  the  back  is  an  exceedingly  important  one,  much 
more  so  than  most  people  seem  to  reaUze.  I  have  known  instances 
where  it  has  been  found  impossible  to  make  a  ground  joint,  for  no 
other  reason. 

29  In  reference  to  making  up  a  joint,  I  believe  that  the  face  of  all 
flanges  or  pipe  where  a  joint  should  be  made  ought  to  be  given 
a  fine  tool  finish  and  have  the  face  level,  and  then  use  a  gasket  of  some 
description.  A  perfectly  made  ground  joint  is  a  good  thing  but  it  is 
very  expensive,  and  it  is  hard  to  get  the  average  contractor  to  furnish 
it  in  a  perfectly  workmanlike  manner.  Also,  after  it  is  so  done, 
it  is  liable  not  to  stay  tight,  on  account  of  the  tremendous  expansion 
and  contraction  causing  such  strains  that  the  joints  are  liable  to  open 
up,  particularly  when  the  pressure  is  taken  off  the  plant.  The  simple 
expansion  and  contraction  on  the  bolts  that  make  up  a  joint  would 
cause  this. 

GASKETS 

30  There  are  large  numbers  of  gaskets  manufactured  of  all  types 
and  descriptions.  It  is  very  hard  to  take  up  this  subject  and  be 
fair  to  each  of  the  manufacturers,  for  the  reason  that  practically  no 
one  has  had  experience  with  every  type  to  judge  for  himself,  and 
hearsay  would  lead  us  to  suppose  that  all  of  them  are  at  one  time 
perfect  and  at  other  times  useless. 

31  I  have  used  a  great  many  different  types  of  gaskets,  however, 
and  have  obtained  the  best  results  with  a  corrugated  soft  Swedish 
steel  gasket  with  "Smooth-on"  applied,  and  with  the  McKira  gasket, 
which  is  of  copper  or  bronze  surrounding  asbestos.  The  ordinary 
corrugated  copper  gasket  is  a  very  popular  make  and  has  been  used 
a  great  deal.  On  superheated  steam,  bad  results  usually  follow. 
There  seems  to  be  some  peculiar  action  that  causes  this,  as  on 
superheated  steam  lines  a  corrugated  copper  gasket  will  in  time  pit 
out    in    some  part  of   the  flange   nearly  through  the  entire  gasket. 
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A  great  many  reasons  are  given  for  the  cause,  such  as  electrical 
action,  disintegration,  etc. 

32  The  wear  of  a  gasket  depends  largely  on  the  method  of  pulling 
up  bolts  on  flanges.  In  fact  I  believe  that  a  great  many  troubles 
have  occurred  because  of  imperfect  erection.  If  joints  are  pulled  up 
entirely  on  one  side  and  left  loose  on  the  other,  and  then  taken  up  on 
that  side,  trouble  with  the  gasket  is  almost  certain.  The  bolts  should 
be  taken  up  gradually  all  around  the  flange.  The  experience  of  the 
erecting  crews  on  high  class  superheated  steam  lines  is  an  exceedingly 
important  thing.  The  average  steam  fitter  is  not  suited  to  this  type 
of  work.  He  has  had  experience  with  lower  pressures  and  less  im- 
portant tasks  and  after  a  piece  of  work  is  erected  by  him  it  is  cus- 
tomary to  find  a  great  many  leaks  which  are  usually  only  eradicated 
after  the  whole  joint  has  been  broken  and  properly  repaired.  All  these 
troubles  can  be  eliminated  by  using  only  steam  fitters  experienced  in 
the  type  of  work  under  consideration. 

DISCUSSION 

Mr.  J.  Rowland  Brown  There  seems  to  be  a  growing  tendency 
to  get  away  from  threaded  pipe  joints  and  adopt  such  types  as  the 
welded  and  the  van-stone  joints.  On  paper  there  seems  to  be  no 
choice,  as  the  threaded  joint  has  three  chances  to  leak  to  one  in  either 
of  the  other  types.  In  most  installations  it  is  not  possible  to  make 
either  of  the  latter  joints  and  the  pipes  with  flanges  must  be  shipped  in 
from  a  distance  after  dimensions  have  been  furnished.  In  most  all 
localities  it  is  possible  to  get  pipe  threaded  up  to  8  in.  or  10  in.  di- 
ameter. It  is  a  rare  case  when  boiler  and  engine  connection  flanges 
come  exactly  as  shown  on  the  plans,  and  for  this  reason  at  least  one 
length  should  be  made  up  in  the  field  with  screwed  flanges  so  as  to 
relieve  the  piping  of  unnecessary  strains  due  to  springing  the  pipe 
into  place. 

2  There  are  a  great  many  high  pressure  plants  using  superheated 
steam  in  piping  made  up  with  threaded  joints  and  giving  perfect 
satisfaction.  The  piping  must  of  course  be  extra  heavy  and  the 
joints  must  be  peined  or  rolled  with  a  roller  expander.  Most  leaky 
joints  are  due  to  careless  erection  and  the  springing  together  of  pipes 
laid  out  from  plans  and  not  fitted  up  on  the  job. 

3  I  have  experimented  some  with  different  gaskets  and  find  that 
the  method  of  installing  them  has  more  to  do  with  success  or  failure 
than  the  type  of  the  gasket.  In  superheaters  connected  for  flooding 
an  especially  hard  condition  is  met;  that  of  having  the  joint  sub- 
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jected  alternately  to  superheated  steam  and  water.  I  have  had 
success  witli  three  kinds  of  gaskets.  A  gasket  made  of  long  fiber 
asbestos  held  together  with  an  unusually  small  (piantity  of  binding 
material,  coated  with  graphite  and  subjected  to  heavy  pressure, 
gave  excellent  results  and  withstood  the  high  temperatures. 

4  A  joint  made  by  grinding  together  a  male  and  a  female  flange 
and  then  inserting  a  thin  soft  steel  corrugated  gasket  covered  with 
graphite  and  oil,  seems  to  meet  all  conditions  but  must  be  carefully 
put  together.    • 

5  I  have  used  a  design  of  joint  in  which  both  flanges  have  grooves 
and  a  cast  iron  ring  is  ground  to  a  seat  on  each  of  the  flanges  and 
then  used  as  a  gasket  as  shown  in  Fig.  1.  In  cases  where  the  fittings 
are  too  large  to  be  ground  together  this  form  of  joint  is  especially 
valuable.  Another  advantage  is  that  there  are  no  male  flanges  which 
are  liable  to  be  injured  in  shipment  or  when  lying  around  awaiting 
erection.  The  cast  iron  rings  should  be  made  in  standard  sizes  and 
carefully  boxed  for  shipment. 


■".■/■ 


FIG.  1     GROUND  JOINT  WITH  CAST  IRON  GASKET  RING 

6  When  this  joint  is  properly  assembled  it  will  stand  the  condi- 
tions present  in  flooding  a  superheater  without  any  signs  of  leakage. 
In  cases  where  it  was  necessary  to  spring  the  pipe  in  order  to  make 
up  the  joint  it  was  found  best  to  put  a  corrugated  steel  gasket  on 
each  side  of  the  cast  iron  r'ms,. 


Mr.  August  H.  Kruesi  Referring  to  gate  valves,  Par.  15  of  Mr. 
Kellogg's  paper  states  the  belief  that  "  Nearly  any  one  of  the  designs 
made  by  the  good  manufacturers  are  entirely  suitable;  such  as 
broken  or  solid  wedge  valves  of  the  ordinary  type,  under  the  con- 
dition that  all  machine  work  is  done  thoroughly  and  the  quality  of 
metal  used  is  satisfactory  to  the  purpose  intended."      In  my  opinion 
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no  gate  valve  is  satisfactory  for  either  superheated  steam,  or  saturated 
steain  unless  it  is  used  in  the'position  for  which  it  is  designed;  that  is, 
in  a  vertical  position  with  the  hand  wheel  up.  It  can  readily  be  seen 
that  unless  tlie  valve  is  used  in  this  position  there  is  nothing  to^make 
the  tapered  plug  seat  true  and  parallel  with  the  inclined  seats. 
Experience  shows  that  when  it  is  required  to  shut  steam  off  absolutely 
a  globe  valve  or  angle  valve  must  be  depended  upon.  Such  valves 
can  generally  be  tightly  closed  or,  at  any  rate,  made  tighter  than 
gate  valves  after  a  period  of  service,  and  when  leaky,  can  much 
more  readily  be  made  tight  again. 

2  In  designing  new  piping  systems  it  is  often  possible  to  employ 
angle  valves  instead  of  elbows  and  thus  dispense  with  gate  valves, 
the  angle  valve  offering  very  little  more  resistance  to  the  flow  of 
steam  than  an  ordinary  elbow. 

3  Referring  to  Par.  17,  I  would  place  the  permissible  temperature 
for  cast  iron  at  a  lower  value.  Tons  of  cast  iron  fittings  have  been 
scrapped  after  a  j'ear's  operation  at  a  temperature  approximately 
the  same  as  the  figure  mentioned  by  Mr.  Kellogg.  At  the  time  they 
were  installed,  the  fittings  w^ere  believed  to  be  the  best  obtainable, 
and  they  were  extra  heavy  weight. 

4  I  go  further  than  Mr.  Kellogg,  and  state  unequivocally  that 
in  my  opinion  cast  steel  is  the  only  suitable  material  for  cast  fittings 
in  large  saturated  steam  piping  at  pressures  of  150  lb.  and  more. 
This  is  an  unusual  statement,  and  doubtless  will  be  challenged.  It 
cannot  be  proved  that  cast  iron  is  suitable  because  it  has  been  in  use 
for  ten  to  twenty-five  years.  In  these  cases  it  just  happened  to  be 
satisfactory  or  conditions  may  have  been  exceptionally  favorable  as 
regards  steadiness  of  load,  etc.  In  designing  new  plants  a  proper 
regard  for  the  safety  of  operators  and  continuity  of  service  requires 
a  greater  margin  for  contingencies  which  cannot  be  foreseen,  than 
ordinary  cast  iron  affords. 

5  Referring  to  Par.  28,  the  method  of  thickening  the  pipe  by 
welding  a  band  around  it,  as  shown  in  Fig.  1,  is  of  doubtful  utility 
on  account  of  the  uncertainty  of  such  welds.  Thickening  the  metal 
by  upsetting  it,  wherever  practicable,  is  certainly  much  to  be  pre- 
ferred. 

6  Referring  to  Par.  31,  regarding  corrugated  copper  gaskets,  I 
can  endorse  that  statement  from  long  experience.  The  copper 
becomes  inert,  just  like  so  much  lead,  and  in  my  opinion  the  corru- 
gated gasket  has  a  serious  fault  in  that  it  will  pull  up  more  on  one 
side  than  the  other,  over-straining  the  bolts,  and  often  the  flanges, 
as  a  result. 
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Mr.  Max  E.  R.  Toltz  In  regard  to  the  use  of  cast  iron  in  connec- 
tion with  superheated  steam,  all  the  steam  headers  of  the  superheat- 
ers used  on  locomotives  are  of  cast  iron,  and  so  far  there  has  not  been 
any  trouble.  The  return  bends  of  the  superheater  elements  of  the 
smoke  flue  superheater  are  made  either  of  cast  steel  or  malleable  iron. 
In  the  joints  of  steam  pipes  we  use  copper  gaskets  and  the  longer 
they  are  in  service  the  tighter  the  joints  become.  The  valves  for 
superheated  steam  should  be  of  the  globe  type  because  gate  valves 
will  leak  and  are  therefore  unsafe.  The  valve  of  the  poppet  type  is 
the  best,  especially  when  it  is  double  seated. 

The  Author  I  thoroughly  understand  that  practically  no  engi- 
neers agree  absolutely  on  the  points  under  discussion,  as  well  as  on  a 
great  many  other  theoretical  and  practical  points  connected  with 
superheated  steam.  I  believe  that  discussion,  however,  is  a  very 
good  thing,  and  it  will  gradually  lead  people  to  a  more  settled  and 
universal  opinion. 

2  To  substantiate  my  statements  in  regard  to  cast  iron  and  in 
favor  of  cast  steel  for  cast  fittings  in  saturated  steam  piping,  I  knoAv 
of  places  where  cast  iron  body  gate  valves  have  been  installed  on 
about  200  deg.  superheat  and  approximately  170  or  180  lb.  pressure, 
and  two  years'  after  installation  were  f  inch  longer  face  to  face  than 
when  they  were  put  on.  This  in  itself  is  a  proof  that  cast  iron  on 
high  temperatures  expands  without  contracting  proportionally  when 
it  has  cooled  off. 

3  An  accident  which  killed  several  men  happened  on  a  super- 
heated line  in  Washington  about  two  years  ago.  There  was  a  break 
in  a  cast  iron  screwed  flange,  I  believe  on  a  20  in.  piece  of  pipe. 
After  the  accident  it  was  found  that  the  flange  could  be  slipped  on 
by  hand  approximately  1  inch  without  any  screwing,  and  it  screwed 
up  to  the  shoulder  without  a  tight  joint.  At  the  time  of  the  accident 
there  was  great  criticism  of  the  material  and  the  manufacturers,  but 
I  believe  decidedly  that  the  whole  cast  iron  flange  expanded  after 
installation  and  finally  gave  way.  I  mention  these  two  illustrations 
more  or  less  to  back  up  my  statements  in  regard  to  cast  iron. 

4  My  statements  in  reference  to  surface  cracks,  etc.,  are  the 
results  of  actual  tests. 

5  I  did  not  wish  to  imply  that  the  gaskets  mentioned  in  my  paper 
were  the  only  suitable  ones.  I  stated,  and  still  state,  that  I  have 
had  the  best  results  from  those  mentioned  but  do  not  wish  to  con- 
demn in  any  way  gaskets  of  the  asbestos  fiber  type 
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6  In  reference  to  joints,  I  think  by  all  odds  the  best  type  of  joint 
is  the  joint  where  there  are  raised  faces  on  both  flanges  from  the 
inside  of  the  bolt  circle  to  the  inside  of  the  axis  of  the  pipe. 

7  In  reference  to  Mr.  Kruesi's  discussion,  I  agree  with  him  that 
where  steam  is  to  be  throttled  and  where  the  valve  is  to  be  used  often, 
a  globe  type  or  angle  type  is  better  for  lasting  qualities  in  nearly 
every  instance  than  a  gate  valve.  I  do  not,  however,  agree  with 
him  that  gate  valves  shoula  never  be  used.  I  have  found  by  obser- 
vation and  experience  that  globe  valves,  angle  valves  and  elbows 
tlccrease  the  flow  of  steam  and  consequenth'  the  loss  of  pressure  quite 
materially.  I  know  of  one  plant  installed  where  there  was  a  loss  of 
pressure  between  the  boilers  and  engines  of  15  lb.,  seemingly  from  no 
other  reason  than  the  great  number  of  angle  valves  and  elbows,  the 
original  steam  pressure  being  160  lb.  and  that  applied  to  the  engine 
145  lb.  The  fact  that  this  loss  should  have  been  due  to  the  above 
reasons  seemed  practically  impossible  and  therefore  was  investigated 
very  thoroughly'.  I  might,  however,  add  that  in  the  plant  under  dis- 
cussion the  pipe  lines  were  too  small. 

8  I  regret  to  note  that  Mr.  Kruesi  objects  to  reinforcing  a  van- 
stone  joint  by  means  of  welding.  I  cannot  say  too  much  in  favor 
of  the  matter  of  a  very  thick  turned-over  portion  of  pipe  for  vanstone 
joint  work,  to  allow  plenty  of  thickness  after  the  joint  is  faced  on 
the  back.  I  beUeve  that  the  method  of  increasing  this  thickness 
by  welding  to  be  even  superior  to  the  upsetting  as  mentioned  by 
Mr.  Kruesi. 

9  Our  experiments  have  shown  that  upsetting  the  pipe  to  an 
extent  necessary  to  get  material  benefits  from  the  thickening  of  the 
turned  over  portion  is  so  hard  on  the  pipe  that  it  is  apt  to  crystallize 
and  weaken  it.  Welding  a  piece  on  in  no  way  weakens  the  pipe,  and 
there  is  no  reason  why  a  perfect  weld  cannot  be  obtained.  I  want 
further  to  state  that  the  very  objection  Mr.  Kruesi  makes,  i.  e., 
getting  a  perfect  weld,  has  in  our  experience  shown  little  effect. 
If  the  joint  is  made  thoroughly,  even  if  the  weld  is  not  perfect  :'t  is 
of  great  benefit,  and  if  the  weld  is  merely  fairly  good,  it  makes  practi- 
cally no  difference.  I  want  particularly  to  impress  on  the  reader 
the  fact  that  in  almost  all  cases  the  welds  are  perfect. 


NO.  1159 

BALL  BEARINGS 

A  Discussion  of  Their  Use  in  General  and  on  Automobiles  in 

Particular 

By  henry  HESS,  PHILADELPHIA,  PA. 
Member  of  the  Society 

The  field  of  usefulness  of  the  ball  bearing  is  as  wide  as  the  domain 
of  mechanical  engineering,  or  at  least  that  portion  of  it  which  is  con- 
cerned with  the  support  of  rotating  or  oscillating  parts. 

2  The  limitation  imposed  on  the  use  of  the  ball  bearing  in  no 
sense  differs  from  that  imposed  on  any  other  element  of  mechanism. 
It  must  be  employed  in  accord  with  the  general  prohibition  against 
overloading  and  in  conformity  with  its  individuality.  That  sounds 
axiomatic  and  is  self  evident  enough;  but  self  evident  as  it  is,  it  is  all 
too  frequently  disregarded. 

3  But  little  reliable  information  on  ball  and  rolling  bearings 
can  be  found  in  the  usual  engineering  hand  and  text  books.  Much 
matter  is  scattered  through  the  technical  press  giving,  isolated 
experiences  with  a  few  bearings  that  happened  to  come  within 
someone's  observation.  Insufficient  information  on  almost  every 
element  that  must  be  considered  is  undoubtedly  responsible  for  the 
directly  contradictory  statements  to  be  found  and  the  generally 
accepted  opinion  that  ball  bearings  are  suitable  only  for  relatively 
light  loads. 

4  This  was  the  situation  as  Professor  Stribeck  found  it,  when  asked 
to  investigate  the  subject  for  the  German  Small  Arms  and  Ammuni- 
tion Factories  of  Berlin.  This  concern,  having  been  induced  to  go 
into  the  manufacture  of  balls  and  ball  bearings,  very  soon  found  in  5lf 
confronted  with  the  imperative  need  for  a  scientific  basis,  if  the  Uiai  -u- 
facture  was  to  be  removed  from  the  domain  of  haphazard  blind  work- 
ing, resulting  sometimes  in  success  and  sometimes  in  failure,  the  one  as 
much  a  result  of  pure  chance  as  the  other. 

Presented  at  the  Indianapolis,  Ind.,  Meeting  (May  1907)  of  Tiie  American 
Society  of  Mechanical  Engineers  and  forming  part  of  Volume  29  of  the  Trans- 
actions. 
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5  With  characteristic  thoroughness  Professor  Stribeck  took  up  the 
subject.  He  first  apphed  the  investigations  of  such  men  as  Hertz, 
Auerbach  and  others,  on  the  deformations  of  elastic  bodies  to  the 
development  of  formulae  for  static  conditions,  then  by  exhaustive 
tests,  determined  constants  for  the  materials  and  followed  with  an 
investigation  into  the  conditions  of  relative  motion,  and  finally  con- 
cluded the  whole  by  a  long  and  patiently  conducted  series  of  observa- 
tions with  actual  bearings,  thus  not  only  proving  the  previous  theo- 
retical investigation,  but  also  developing  data  for  the  use  of  the  work-a- 
day  designer  and  engineer.  That  this  labor  has  been  crowned  with 
success  is  evident  enough  from  a  consideration  of  the  uses  to  which 
ball  bearings  constructed  along  the  lines  laid  down  have  been  put  in 
the  last  ten  years;  these  include  not  only  hght  bearings  for  low  and 
high  speeds,  but  others  for  such  heavy  duty  as  carrying  the  24  ton 
armatures  of  electric  flywheel  generators  at  500  revolutions  per 
minute.  See  a  discussion  on  "Bearings"  by  Henry  Hess  in  the 
Transactions  of  the  Society,  Vol.  27. 

Chapter  1 

The  Translator's  Resume  of  Professor  Stribeck's  Report,  and 
Notes  Based  on  Experience 

1  The  translation  of  this  report  itself  is  referred  to  and  should  by 
all  means  be  carefully  studied,  as  it  contains  a  very  full,  clear,  and 
concise  account  of  the  theoretical  and  practical  investigation  and 
demonstrations  on  which  ball  bearing  design  must  be  based.  For 
the  statements  and  form  of  this  resume,  the  translator  is  alone  respon- 
sible, but  believes  that  it  may  be  accepted  as  a  correct  condensation 
of  Professor  Stribeck's  work. 

2  Sliding  bearings  wear  out  by  abrasion  of  the  carrying  surfaces. 
Ball  bearings  do  not  give  out  from  wear  and  do  not  wear.  They  may 
be  ground  out  by  admitting  grit,  but  that  is  as  illegitimate  a  condition 
for  ball  bearings  as  it  is  for  sliding  bearings. 

3  The  only  legitimate  cause  for  the  giving  out  of  ball  bearings  is 
the  stressing  of  their  material  beyond  the  limit  of  proportionality. 
Lightly  loaded  bearings  can  be  so  designed  as  to  eliminate  this  cause  and 
so  insure  practical  indestructibility.  For  heavily  loaded  bearings 
this  condition  is  not  realizable  within  practicable  dimensions,  but  the 
proportions  may  be  so  chosen  that  the  over  stressing  does  not  result  in 
breakdown  within  the  lifetime  of  any  mechanism  to  which  the  ball 
bearing  is  applied. 
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4  A  knowledge  of  the  elastic  qualities  of  the  materials  at  the  hard- 
ness under  which  they  are  used  is  imperative.  It  being  the  elastic 
behavior  that  is  important  with  ball  bearings  as  with  all  other  engi- 
neering structures,  tests  of  balls-,  such  as  are  commonly  made  to  deter- 
mine ultimate  rupture  when  pressed  into  a  steel  plate  and  using  the 
depth  of  indentation  of  the  plate  or  load  at  which  rupture  occurs,  as  a 
measure  of  ball  quality,  are  not  only  of  no  value,  but  are  misleading. 

5  The  quality  of  balls  and  of  ball  races  must  be  determined  from 
their  behavior  under  loads  in  the  neighborhood  of  the  elastic  limit. 
Balls  may  be  subjected  to  loads  increasing  as  the  shape  of  the  sup- 
porting surface  more  nearly  becomes  complemental  to  that  of  the 
ball.  A  ball  running  between  races  having  a  flat  or  straight  line  cross 
section  will  not  support  as  great  a  load  as  though  the  section  were  that 
of  a  curvilinear  groove.  Such  groove  naturally  must  never  have  a 
curvature  equaling  that  of  the  ball,  since  that  would  substitute  sliding 
for  rolhng  contact. 

6  The  frictional  resistance  of  a  ball  bearing  is  lower,  the  less  the 
number  of  balls.  Usually  bearings  can  be  designed  to  have  between 
10  to  20  balls.     For  that,  with 

Pj  =  total  load  on  a  bearing  consisting  of  one  row  of  balls; 
Pq  =  greatest  load  on  one  ball; 
z  =  number  of  balls; 

P^=^-P,  (Stribeck's  Equation  11)^ 

z 

The  load  carrying  capacity  of  a  ball  is 

Po  =  hd? 
in  which 

d  =  the  ball  diameter, 

k  =  constant  dependent  upon  the  material  and  the  shape  of 
the  ball  supporting  surface. 
From  Equation  11 


from 


p, 

=  --; 

substituting  for  P^ 

Po 

gives 

=  kd' 

C3 

Pb 

=  kd'l 
5 

'"Ball  Bearing  for  Various  Loads"  by  Professor  Stribeck.  A  complete 
translation  of  this  work  made  by  Mr.  Hess  is  published  as  an  appendix  to  this 
paper. 
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7  As  balls  are  usually  made  to  English  inches  it  is  convenient  to 
take  the  one-eighth  of  an  inch  as  unit}'. 

8  The  following  table  gives  combination  values  of  k  for  different 
cross  sections  of  ball  race  and  for  the  materials  used  in  the  first  ball 
bearings  tried  out  and  also  for  the  improved  steel  alloys  used  later. 

These  constants  give  P^,  in  kg. 

9  If  the  cm.  is  preferred  as  the  unit  for  the  ball  diameter,  then  the 
tabular  values  for  k  are  to  be  multiplied  by  10,  or  more  accurately 
9.92. 

*SHAPE   OF  RACES —>  7?=§rf 

k  for  older  materials 3  to  5.0        3  to  5.0  10 

k  for  improved  materials 5  to  7.5        5  to  7.5  15 

*  The  shape  of  the  rases  will  be  shown  at  the  meeting. 

1 0  Speed  of  rotation,  in  so  far  as  it  is  uniform,  does  not  affect  carry- 
ing capacity.  (This  applies  to  radial  bearings,  but  not  to  thrust  bear- 
ings of  the  collar  type;  in  these  the  carrying  capacity  decreases  with 
increase  of  speed.) 

11  But  speed  is  rarely  uniform;  variations  cut  down  the  carrying 
capacit}^;  sharp  variations  of  small  amplitude,  particularly  at  high 
speed,  have  the  more  marked  effect.  Their  reducing  action  is  similar 
to  the  battering  effect  of  sharp  load  variations. 

12  Load  variations  reduce  carrying  capacity,  the  effect  increasing 
with  the  amount  of  the  load  change  and  the  rapidity  of  such  change. 

13  Accumulated  experience  with  various  classes  of  mechanisms  is  so 
far  the  only  available  guide  for  estimating  the  reductions  in  the*  con- 
stants k  that  must  be  made  to  take  these  influences  into  account. 

■  14  The  carr3'ing  capacity  of  a  complete  bearing  is  no  greater  than 
that  of  the  weakest  cross  section  that  comes  under  the  load.  This 
applies  to  all  those  forms  which  have  curved  race  sections  of  maximum 
sustaining  capacity,  except  at  a  point  where  an  opening  is  cut  to  per- 
mit the  introduction  of  the  balls;  such  bearings  are,  as  to  load  carry- 
ing capacity,  governed  by  the  weaker  cross-section  at  that  point. 

15  The  calculated  carrying  capacity  can  he  realized  only  if  all  balls 
sustain  their  share  of  the  load.  It  is  obvious  enough  that  if  a  ball  is 
smaller  than  those  on  either  side  of  it,  it  will  not  carry  its  share  of  the 
load;  should  it  be  larger  it  will  carry  more  than  its  share  and  may  be 
overloaded.  Uniformity  of  ball  diameter  is  essential.  The  permissi- 
ble variation  in  ball  diameter  will  be  governed  by  the  deformation 
produced  by  a  relatively  small  part  of  the  total  bearing  load,  so  that 
the  balance  of  the  load  mav  be  distributed  over  the  several  balls.' 
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Such  permissible  variations  of  ball  diameters  amounts  to  but  little 
more  than  one  ten-thousandth  part  of  an  inch. 

16  High  finish  of  both  ball  and  ball  sustaining  surfaces  is  essential. 
The  presence  of  grinding  scratches  will  very  materially  cut  down  the 
cited  values  of  the  constant  k.  Of  course  this  presupposes  true  sur- 
faces underlying  the  high  polish.  It  follows  from  this  requirement 
that  rust  and  acid  must  be  carefully  avoided  as  they  are  destructive  of 
finish  and  truth  of  shape. 

17  It  may  not  be  amiss  to  point  out  that  uniformity  of  quality 
of  material,  of  hardness  and  of  structure  throughout  are  essential.  The 
mischief  of  using  balls  having  different  values  of  k  is  not  simply  con- 
fined to  the  individual  ball;  if  for  instance  one  ball  were  materially 
harder  and  so  deformed  less  than  its  mates,  it  would  take  more  load 
and  might  therefore  overload  the  material  of  the  race,  which  would 
yet  be  entirely  suitable  under  a  division  of  the  bearing  load  among 
a  larger  number  of  balls. 

18  The  frictional  resistances  of  ball  bearings  have,  b}''  actual 
measurement,  been  found  to  vary  from  0.0011  to  0.0095.  These  are 
the  coefficients  of  friction  referred  to  the  shaft  diameter,  thus  per- 
mitting direct  comparison  with  those  of  sliding  friction.  The  higher 
values  are  due  to  conditions  that  cause  a  preponderance  of  sliding  as 
compared  with  rolhng  friction.  It  must  be  remembered  that  there  is 
no  such  thing  as  a  bearing  having  only  rolling  friction;  that  might 
be  possible  were  balls  and  races  made  originally  with  absolute  truth 
of  surfaces  and  were  such  truth  then  maintained  by  the  absence  of 
deformation  under  load.  Ball  bearings  having  a  coefficient  of  friction 
materially  above  0.0015  under  the  greatest  allowable  load  areinadmis- 
sible  because  too  shortlived.  The  high  resistance  indicates  the  pres- 
ence of  too  large  an  element  of  sliding. 

19  A  good  ball  bearing  will  have  a  coefficient  of  friction,  independ- 
ent of  the  speed  within  wide  limits,  and  approximating  0.015.  This 
coefficient  will  rise  to  approximately  0.0030  under  a  reduction  of  the 
load  to  about  one-tenth  of  the  maximum. 

20  Professor  Stribeck's  report  is  referred  to  for  further  details 
of  his  investigation. 

Chapter  2,     Materials 

1  The  prohibition  against  overloading  demands  recognition  wf 
the  characteristics  of  the  bearing  materials. 

2  Any  material  may  be  used  that  will  not,  under  the  working 
load,  be  so  deformed  as  to  prevent  pure  rolling.  That  means  an  abso- 
lutely inelastic  material  and  one  which  unfortunately  is,  and  more 
than  probably  will  remain,  undiscovered.     But  a  slight  narrowing  is 
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admissible  to  make  the  demand  read:  Any  material  may  he  used  that 
will  not,  under  the  working  load,  deflect  enough  to  "pr event  substantial 
rolling.  That  recognizes  that  all  materials  deform  under  load.  Such 
deformation  means  change  of  shape  from  the  original  truth  and  that  in 
turn  ^vill  cause  some  sliding  combined  with  rolling;  this  sliding  must 
be  held  doivn  to  the  irreducible  minimum. 

3  Any  material  may  be  used  that  will  not,  under  the  working 
load,  be  stressed  beyond  its  elastic  limit;  that  is,  a  limitation  which  is 
possible  of  attainment. 

4  The  tooth  of  time  would  be  worn  out  against  such  a  bearing. 
Its  design  is  entirely  practicable  for  light  Avork,  but  for  the  heavier 
loads,  the  requirement  would  lead  to,  usually,  impractical  dimensions. 

5  Fortunately,  ball  bearings  are  satisfactory  if  they  last  as  long  as 
their  associated  mechanisms.  The  requirement  may  therefore  be 
modified  to  read:  Any  material  may  be  used  that  ivill  not,  under  the 
working  load,  be  stressed  sufficiently  beyond  the  proportional  limit,  to 
bring  about  its  destruction  before  the  lapse  of  a  desired  ivorking  life. 

6  These  conditions  permit  the  use  of  practically  all  of  the  mate- 
rials know'n  to  mechanical  engineering.  With  very  few  exceptions, 
however,  tlie  load  conditions  are  such  as  to  demand  steels  of  the  high- 
est grades  and  these  most  carefully  tempered.  For  automobile  use, 
with  which  this  paper  is  primarily  concerned,  no  others  can  be  con- 
sidered. That  puts  out  of  the  running  all  merely  case  hardened 
materials.  In  these  there  is  always  a  more  or  less  sharply  defined 
change  of  structure  at  some  distance  below  the  surface.  Continued 
working  will  cause  a  loosening  of  the  hard  shell  from  the  softer  core, 
soon  followed  by  a  breaking  up  and  very  characteristic  flaking  of  the 
surface.  Usually  this  flaking  is  local;  its  action  is  increasingl}' 
progressive,  soon  involving  the  entire  bearing. 

7  What  has  been  said  of  case  hardened  materials  holds  true  also 
for  those  carbon  steels  in  which  the  hardening  is  not  carried  substan- 
tially and  equally  through  the  entire  mass. 

8  An  examination  of  the  section  of  a  broken  ball  show^ed  a  sharp 
structural  change  due  to  hardening  at  a  fairly  uniform  depth  of  one- 
sixteenth  inch  below  the  surface.  The  ball  had  evidently  been  run 
under  conditions  which  shifted  the  load  over  its  entire  surface;  it  was 
used  in  a  running  test  and  then  broken  to  examine  its  structure.  It  so 
happened  that  the  ball  was  caught  just  before  it  was  ready  to  fail  by 
flaking.  The  entire  hardened  surface  had  been  loosened  from  the  core 
in  such  way  as  to  form  an  inner  ball.  Some  relative  movement  of  this 
shell  and  inner  ball  had  undoubtedly  taken  place,  as  evidenced  by 
the  pohshed  condition  of  the  inner  surfaces.  This  specimen  was  pre- 
sented to  me  by  Professor  Stribeck,  who  retained  the  other  half. 
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9  What  is  true  and  required  of  the  ball  materials  is  even  more  so 
for  the  races.  With  time  the  ball  presents  its  entire  surface  to  the 
load,  the  small  vibrations  and  changes  of  load  being  sufficient  fre- 
quently to  bring  in  a  new  axis  of  rotation.  Not  so  the  race;  that  is 
fixed  and  so  always  exposes  the  same  surface  element  to  the  load 
attack. 

10  The  requirements  of  a  good  hall  are: 

a  Truth  of  shape  and  size.  The  permissible  limit  of  error  will  vary 
with  the  character  of  the  material.  In  general,  the  better  the  latter, 
that  is  to  say  the  smaller  its  deformation  under  a  given  load,  the  more 
accurate  must  the  ball  be.  It  is  evident  that,  were  a  ball  so  much 
larger  than  its  fellows  as  not  to  deform  sufficiently  under  its  share  of 
the  load  to  permit  the  others  to  carry,  it  would  then  not  only 
itself  have  to  carry  more  than  intended,  but  w^ould  also  transmit  more 
than  intended  to  the  supporting  surfaces  of  the  races.  If,  on  the 
other  hand,  the  ball  were  smaller  than  its  mates,  it  would  be  under- 
loaded or  not  loaded  at  all,  and  the  others  correspondingly  overloaded. 
What  has  been  said  of  variations  in  ball  size,  of  course,  applies 
similarly  to  variations  from  truth  of  outline. 

All  requirements  will  be  met  if  the  balls  are  true  to  shape  within  one 
ten-thousandth  part  of  an  inch  and  if  all  of  the  balls  used  in  each  indi- 
vidual bearing  have  a  similarly  small  error  in  size.  It  must  not  be 
inferred  that  for  materials  of  lower  grade,  larger  inaccuracies  are  per- 
missible. Were  the  load  distribution  the  only  factor,  that  conclusion 
might  be  justified;  greater  inaccuracy  of  size  means  greater  defor- 
mation and  therefore  greater  departure  from  sphericity  and  the  sub- 
stitution of  too  great  a  percentage  of  sliding  for  the  rolling  aimed  at. 
Considerable  initial  variations  from  truth  of  shape  have  precisely 
similar  results. 

b  Surface  finish  to  a  very  high  degree  is  also  essential.  What  is 
usually  considered  a  very  good  finish  indeed  may  be  characterized  as 
totally  inadequate.  The  recognition  of  grinding  or  polishing  marks 
not  only  by  the  bare  eye,  but  with  an  ordinary  pocket  reading  lens  con- 
demns balls  utterly;  this  is  true  of  a  bearing  having  long  life  under  high 
loads  and  speeds.  Oft  repeated  endurance  runs  under  conditions 
where  the  finish  was  the  only  variable  have  abundantly  proved  this, 
at  first  unsuspected,  fact.  This  was  discovered  while  investigating  an 
apparently  inexplicable  difference  in  lasting  qualities.  As  life  is  too 
short  for  a  try  out  under  normal  loads,  overloads  were  resorted  to; 
they  demonstrated  conclusively  that  the  higher  the  finish,  the  better 
the  endurance.  The  high  finish  must  not  be  of  the  Brummagem  or 
Reuleaux's  "cheap  but  nasty"  variety. 
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c  The  elastic  limit  should  be  as  high  as  can  be  liad.  A  hinit  of 
proportionaUty  above  the  elastic  Hmit  is  desirable. 

d  The  hardness  and  uniformity  of  hai-dness  throughout  the  mass  of 
the  ball  to  the  highest  attainable  degree  is  essential. 

e  Correct  knowledge  and  uniformity  are  more  important  than  even 
these  requirements  of  high  elastic  limit  and  hardness.  It  will  not  do 
to  say  that,  though  some  balls  of  a  lot  may  do  better  than  others,  the 
design  may  be  based  on  the  poorer  ones.  That  would  result  in  the 
better  balls  carrying  more  than  their  share  of  the  load,  much  as 
and  with  the  same  bad  effects  described  while  considering  truth  of 
shape  and  size.  Lower  quality,  provided  it  is  uniform,  can  be  allowed 
for.     It  will  then  merely  affect  dimensions.^ 

1 6  Ball  making  machinery  has  arrived  at  a  very  considerable  state 
of  perfection;  but  balls  within  a  limit  of  one  ten-thousandth  of  an 
inch  of  intended  size  are  not  yet  being  made  without  the  sacrifice  of 
other  qualities.  That  is,  however,  not  important  beyond  having  some 
slight  bearing  on  cost,  since  it  is  perfectly  feasible  to  select  and  grade 
balls  within  the  desired  limit;  but  the  hardware  dealer's  word  for  uni- 
formity of  size  is  not  a  safe  guide;  he  is  perfectly  honest  in  throwing 
odd  lots  of  I  inch  balls  into  one  box  and  in  thinking  the  customer  who 
objects  because  they  vary  a  half -thousandth,  or  even  two,  a  "  finicky 
crank. " 

Chapter  3 

characteristics  of  various  ball  makes 

An  investigation  was  made  into  the  qualities  of  various  balls  with  a 
view  to  fixing  on  the  best  make  to  use.  Balls  were  tested  for  the 
quality  of  their  material  by  determining  their  behavior  within  the 
elastic  and  proportional  limits.  This  was  done  by  mounting  three  balls 
on  top  of  one  another  and  attaching  extensometers  to  the  top  and 
bottom  balls.  As  the  readings  corresponded  to  the  total  compression 
of  two  balls,  the  actual  deformation  at  each  contact  point  was  one- 
fourth  of  this  reading. 

2  Not  only  were  the  deformations  measured  under  loads  varying 
from  50  kg.  to  800  kg,  for  balls  from  |  in.  to  1  in.,  but  the  permanent 
deformations  also  were  determined.  At  least  two  consistent  sets  of 
tests  w^ere  carried  out  with  each  ball  diameter,  using  a  new  ball  for 
each  set. 

3  Hardness.  It  is  clear  that,  other  things  being  equal,  that  ball 
is  best  whose  permanent  set  is  least  with  reference  to  the  total  defor- 
mation, i.  e.,  the  larger  the  ratio  (permanent  deformation  -^  total 

1  Within  limitations  for  reasons  analogous  to  those  referred  to  in  10a. 
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deformation)  the  better  the  ball.  This  ratio  varies  with  the  hardness 
and  is  therefore  a  convenient  measure  of  the  hardness.  Six  different 
makes  of  balls  were  tested ;  the  deformations  were  most  carefully  de- 
termined at  Cornell  by  Professor  Diederichs,  who  was  furnished  with 
balls  taken  from  a  quantity  bought  in  the  open  market.  Of  these 
balls  three  were  of  American  origin,  two  of  English,  and  one  the  present 
D.  W.  F.  German  ball.  For  obvious  reasons  the  names  are  not  given, 
but  in  the  diagrams  the  balls  are  marked  X  o  +  a  n  ©  .  The 
X  is  the  D,  W.  F.  Fig.  1  is  a  diagram  in  which  the  hardness  of  the 
X  D.  W.  F.  f  in.  ball  is  plotted.  The  curve  will  be  seen  to  fairly 
average  the  readings.  The  relatively  small  variations  may  be  rea- 
sonably attributed  to  observation  errors. 

4  Fig.  2  gives  the  plottings  and  averaging  curve  of  the  O  f  in.  ball 
and  also  of  the  X  for  comparison.  Fig.  3  to  6  are  similar  records  of 
the  A  -h  □  and  ©  f  in.  balls.  In  all  of  these  there  is  much  greater 
difference  between  the  plotted  readings  and  the  averaging  curves; 
near  the  origin,  where  the  deformations  under  the  lighter  loads  are 
smaller,  a  larger  part  of  the  variations  ma)'',  no  doubt,  be  attributed 
to  observation  errors  than  further  along  under  the  higher  loads;  after 
making  due  allowance  for  this,  it  is  clear  that  the  relatively  consider- 
able variation  in  the  hardness  readings  of  all  balls  as  compared  with 
the  small  variation  for  the  X  ball  is  due  to  a  lesser  uniformity  in  the 
material,  attributable  to  differences  in  chemical  composition  and 
heat  treatment.  Without  taking  up  undue  space  by  giving  similar 
records  of  the  various  balls  from  f  in.  to  1  in.  tested,  it  may  be  said 
that  these  all  corroborated  the  testimony  of  the  J  in.  series  shown. 

5  Owing  to  the  greater  uniformity  of  the  X  ball  and  also  because 
that  uniformity  indicates  it  as  best  for  ball  bearings  with  the  manufac- 
ture of  which  the  author  is  connected,  the  averaging  line  of  this  X 
ball  has  been  drawn  in  for  comparison  in  each  diagram.  Inspection 
shows  that  it  lies  generally  below  the  others;  the  lower,  the  greater 
the  relative  difference  in  hardness  in  favor  of  the  lower  curve  charac- 
teristic. Only  in  Fig.  6  does  the  ©  curve  show  up  better  than  the  X 
for  loads  of  700  and  800  kg.,  while  less  so  for  loads  below  600  kg. 

6  One  particular  make  of  J  in.  ball,  the  O,  showed  a  most  surpris- 
ing variation  in  hardness.  In  Fig.  7  the  lower  curve  is  the  X  of  Fig.  1, 
the  second  is  the  o  of  Fig.  2,  and  the  upper  is  also  a  record  of  a  o  J  in. 
ball  of  the  same  make  as  the  o  f  in.  of  Fig.  2.  This  one  upper  o  ball 
is  rather  more  than  four  times  as  soft  as  the  other  (lower)  ball. 

7  The  range  of  hardness  variation  of  different  sizes  and  makes  of 
balls  was  found  to  be  instructive.  Fig.  8  shows  this  for  the  six  makes 
of  1  in.  balls.     The  range  lies  in  the  cross-hatched  area  bounded 
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by  the  upper  and  lower  dash  curves.  For  this  diameter  of  ball,  the 
variation  is  over  100  per  cent  at  SOO  kg.  load  and  cnnsidorably 
greater  under  lighter  loads. 

8  As  the  bail  diameters  decrease,  the  relative  variation  in  liard- 
ness  of  different  makes  becomes  less,  as  is  clearly  enough  apparent 
from  an  inspection  of  Fig.  8  to  lo,  inclusive.  In  Fig.  13,  which  relates 
to  I  in.  balls,  the  softest  ball  at  800  kg.  load  is  only  about  1.1  times  as 
soft  as  against  the  more  than  two  times  of  the  1  in.  balls. 

9  When  these  variations  in  quality  are  considered,  it  must  cease 
to  be  a  matter  of  surprise  that  such  widely  differing  opinions  as  to 
the  reliabilit}'  of  ball  bearings  are  held.  It  may  be  remarked  that 
the  various  balls  tested  all  enjoy  a  good  reputation.  Makes  of  known 
poor  grade  were  not  tested,  the  advisability  of  adopting  a  different 
make  of  l)all  having  been  one  of  the  objects  of  the  investigation. 

10  In  the  diagrams  Fig.  8  to  13  inclusive,  [the  characteristics  of  the 
various  makes  of  balls  have  been  drawn  for  a  comparison  of  their  rela- 
tive hardness  merits. 

11  In  considering  these  relations,  the  greater  weight  must  be  given 
the  characteristics  of  those  series  in  which  the  hardness  range  is  lowest 
on  the  diagram,  i.  e.,  the  showing  of  Fig.  9  for  the  f  in.  balls  is  much 
more  important  than  that  of  Fig.  13  for  the  |  in.  balls.  One  location 
of  a  characteristic  near  the  lower  range  limit  of  Fig.  13  is  less  im- 
portant than  such  location  in  Fig.  9.  Quantitatively  this  may  be  taken 
as  follows:  Over  800  kg.,  the  lower  range  boundar}'  of  Fig.  13  is  to 
the  upper  one  as  0.296  to  0.342  or  1  to  1.16  (ratio  of  hardness  scale  at 
left).  In  Fig.  9  these  figures  and  ratios  are  0. 100  to  0. 130  or  1  to  1.30, 
which  indicates  that  a  similarly  favorable  location  in  Fig.  9  is  about 

1.30  -  1      0.30 

r^TT; =  7^^  _  =  1.87  times  as  valuable  as  in  Fig.  13. 

1  .lb  —  1        0.16 

12  The  relative  hardness  merit  works  out  first  X,  second  ©, 
third  + ,  with  honors  even  for  a  and  n  and  o  for  the  last  place. 

13  Surface  Character.  Micro-photographs  were  taken  of  the  sur- 
face of  the  balls  under  a  magnification  of  35  diameters.  The  finish 
appeared  to  range  all  the  way  from  fine  scratches  to  pittings  and  even 
gashes.  In  the  order  of  merit,  ^^balls  n  and  X  were  found  very 
decidedly  above  the  others.  Unfortunately  d  ranked  third  last  in  hard- 
ness, for  which  lack  its  good  surface  cannot  compensate.  Ball  X, 
second  in  surface  finish,  was  also  first  in  hardness. 

1 4  Grain  Structure.  Opinions  differ  as  to  the  validity  of  j  udgraent 
based  on  the  appearance  of  fracture  surfaces.  The  leaning  is  on  tlie 
whole  toward  a  favorable  consideration  of  hoXh  that  show  the  more 
uniform  grain  and  more  even  fracture  from  the  center  to  circumfer- 
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ence,  as  well  as  the  finer  grain.  Balls  were  split  by  compressive 
loading"  in  a  testing  machine,  holding  three  in  line  at  a  time.  The 
balls  are  the  same  as  those  mentioned  above.  Micro-photographs' 
were  made  under  an  enlargement  of  20  diameters,  at  the  erlge,  about 
half  way  in  and  at  the  center  of  each  ball.  Those  for  the  X  ball  show 
by  far  the  more  even  fracture  with  very  little  choice  as  to  the  merit 
sequence  of  the  balance.  It  is  but  fair  to  say,  however,  that  Pro- 
fessor Rankin  of  Cornell,  who  made  the  various  micro-photographs, 
considers  that  the  X  grain  structure  is  coarser  than  the  ©a  and 
-1-  and  much  finer  than  that  of  the  n  and  o  balls.  In  his  opinion, 
for  balls  of  the  same  general  composition,  the  finer  grain  structure 
accompanies  the  greater  resistance  to  breakage.  Grain  structure 
merit  is  a  +  ©  X  no  according  to  Professor  Rankin,  while  to  the 
author  the  photographs  seem  to  indicate  X    ©   +   a  n  O. 

15  Microstructurc .  Professor  Rankin  considers  that  no  definite 
microstructures  have  been  developed  because  the  steels  have  not  been 
held  at  a  high  temperature  long  enough,  and  that  the  originally  defi- 
nite crystal  boundaries  have  been  confused  by  imperfect  annealing 
and  slow  cooling.  Analysis  shows  a  trace  of  graphite  carbon  in  all 
but  the  X  which  shows  rather  more  carbon  in  that  state.  There 
is  generally  a  large  proportion  of  martensite,  with  the  balance 
made  up  of  austenite  and  parts  of  cementite.  The  martensite  is  92 
per  cent  for  the  o,  87  per  cent  for  the  + ,  83  per  cent  for  the  ©,  82  per 
cent  for  the  X,  81  per  cent  for  the  a. 

Chapter  4 

various  type  characteristics 

In  the  automobile,  as  in  all  other  mechanisms,  the  journals  deal 
with  loads  having  various  directions.  In  the  order  of  their  occurrence 
and  importance  they  are: 

Radial  loads — acting  at  right  angles  to  the  shaft  axis; 
Thrust  loads — acting  parallel  to  the  shaft  axis; 
Angular  Loads — these  may  always  be  resolved  into,  or  con- 
sidered as  made  up  of  radial  and  thrust  components. 

RADIAL   BEARINGS 

2  Other  things  being  equal,  it  is  always  best  to  arrange  sustaining 
surfaces  at  right  angles  to  the  load  direction.  That  gives  the  design  of 
Fig.  1  %.  Better  carrying  capacity  is  had  from  the  modification  in  Fig.  1 5 
in  which  races  of  curved  cross-section  are  substituted  for  the  straight 
line  ones  of  Fig.  14.    These  grooved  races  have  the  advantage  of  greater 

'Illustrations  of  these  are  omitted  as  the  photOj^raphs  are  not  adapted  for 
reproduction. — Editor. 
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sustaining  capacit}',  as  referred  to  in  detail  elsewhere;  as  the  tan- 
gent to  the  curve  is  normal  to  the  direction  of  the  radial  load,  the  bear- 
ing is  of  the  radial  type. 

3  As  is  shown  elsewhere,  the  sustaining  capacity  of  the  bearing  is 
dependent  on  the  degree  of  curvature  of  the  race  cross-section,  being 
greater  as  the  latter  more  nearly  approaches  equality  with  the  ball 
curvature. 

4  Cutting  a  local  groove  from  the  side  into  a  race  for  the  purpose  of 
assembling  the  balls  between  the  two  races  is  general  (see  Fig  16), 


FIG.  15     RACES  OF  STRAIGHT  AND  CURVED  SECTIONS 

but  is  not  good  practice.  If  such  cut  is  confined  to  one  race  which  is 
then  so  held  in  the  mounting  as  always  to  keep  the  opening  at  the 
unloaded  side  of  the  journal,  this  is  at  least  defensible  practice.  The 
carrying  capacity  is  then  not  decreased  as  the  load  is  carried  by  cross 
sections  of  maximum  sustaining  ability.  Unfortunately,  this  demands 
the  use  of  two  differing  designs;  the  one  with  the  cut  in  the  outer  race, 
the  other  with  it  placed  in  the  inner  race,  according  as  the  shaft  or 
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FIG.  16    GROOVE  FOR  ASSEMBLING  BALLS 

the  housing  rotates;  the  first  case  is  the  usual  one  of  an  ordinary  jour- 
nal; the  second  is  found  in  wheel-hubs,  etc.  The  occasional  arrange- 
ment in  which  both  hub  and  shaft  rotate  cannot  be  taken  care  of  by 
this  design. 

5  It  may  be  said  here  that  high  loads  are  dealt  with.  So  long  as 
the  loads  are  low  enough  to  be  within  the  sustaining  capacity  of  the 
straight  line  cross  section,  such  local  straight  section  at  the  filling 
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opening  is  of  no  moment.  At  high  speeds  this  does  not  hold  true, 
since  the  catching  of  the  balls  at  the  junction  of  the  filling  open- 
ing with  the  race,  results  in  damage  to  the  balls  and,  through  these, 
to  the  race  surfaces 

6  With  the  cut  in  both  races  the  carrying  capacity  is  reduced  to 
that  of  the  straight  line  section  at  the  side  of  the  cut,  since  one  or 
the  other  cut  must  come  under  the  load  in  each  revolution. 

THRUST   BEARINGS 

7  The  requirement  that  the  sustaining  surfaces  should  be  at  right 
angles  to  the  direction  of  the  load  is  responded  to  by  the  collar  type  of 
Fig.  8.    '  '^  • 

8  What  has  just  been  said  of  the  cross  sectional  shape  of  the  race 
surfaces  in  their  relation  to  carrying  capacity  in  radial  bearings 
applies  here  also  to  the  thrusts.  Since  the  two  races  and  the  ball 
series  do  not  form  a  unit  handling  as  one  piece,  the  need  of  a  filling 
opening  for  the  balls  from  the  side  does  not  arise.  These  bearings  are 
frequently  made  with  the  surfaces  A  and  B  parallel.     Provided  such 


FIG.  17     THRIST  BEARING 

parallelism  is  secured,  the  design  is  good.  Practically  it  is  not  realiz- 
able, since  also  similar  parallelism  between  the  collar  of  the  shaft  and 
the  seat  of  the  housing,  though  possible  of  initial  attainment,  cannot 
be  maintained  under  the  slight  deflections  due  to  the  load.  It  must  be 
borne  in  mind  that  initial  errors  in  w^orkmanship  or  deflections  of  a 
thousandth  of  an  inch  will  cause  the  balls  at  one  side  to  carry  the 
entire  load.  For  a  given  case  this  demands  a  bearing  of  needless  size. 
By  seating  the  one  plate  on  a  spherical  surface,  as  B,  this  plate  adjusts 
itself  in  such  wise  as  to  distribute  the  load  over  the  entire  number  of 
balls. 

9  Speed  very  decidedly  enters  into  the  carrying  capacity  of  this 
type  of  bearing  as  a  factor;  so  much  so  in  fact  as  to  greatly  reduce  its 
utility  for  speeds  above  1500  revolutions  per  minute. 
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i  ANGULAR  LOAD  BEARINGS 

1 0  Of  these  there  are  shapes  and  modifications  innumerable.  Fig. 
IS,  19,20,  and  21  may  be  taken  as  typical  and  representing  two,  three 
and  four  point  contacts.  In  order  to  secure  rolling,  the  contact  points 
of  balls  and  races  should  form  points  of  a  cone  of  rotation,  whose  apex 
lies  in  the  center  line  of  the  shaft,  or  they  may  form  points  on  the 
surface  of  an  imaginary  cylindrical  roller  that  is  parallel  to  the  shaft. 
The  defect  in  all  of  these  forms  is  their  adjustable  feature.  This 
places  them  absolutely  at  the  mercy  of  every  one  capable  of  wielding 
a  wrench;  a  bearing  that  has  been  properly  proportioned  with  refer- 
ence to  a  certain  load,  will  be  enormously  overloaded  by  a  little  extra 
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FIG.  20  FIG.  21 

BEARINGS  SUPPORTING  ANGULAR  LOADS 

effort  applied  to  the  wrench.  Or  the  bearing  may  be  adjusted  with 
too  much  slack  with  consequent  rattle  and  early  demise.  The  preva- 
lent idea  that  these  bearings  may  be  adjusted  to  compensate  for  wear 
is  erroneous.  Wear  will  form  a  groove  on  the  loaded  side  of  the  race, 
deepest  at  the  point  of  maximum  load,  about  as  in  Fig.  22. 

11  It  is  obvious  that  adjusting  the  cone  endwise  will  only  cause 
the  balls  to  be  more  tightl}^  pinched  between  the  sound  portions  of  the 
races,  probably  with  sufficient  pressure  to  overload;  that  will  then 
cause  an  early  flaking  out,  as  shown  at  A  in  Fig.  23.  These  rough  sur- 
faces will  quickly  attack  the  balls  and,  progressively,  the  entire  race. 
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The  annular  non-adjustable  type  of  bearing  will  always,  other  things 
being  equal,  perforce  have  the  important  advantage  of  immunity  from 
overload  by  maladjustment,  no  means  for  adjustment  being  provided. 

12  Theoretically  it  would  seem  that  the  radial  bearing  would  be 
incapable  of  carrying  thrust  load,  owing  to  the  wedging  of  the  ball  be- 
tween the  races.     Fig.  24  shows  the  condition  with  the  ball  abso- 


FIG.  22 


FIG.  23 


WEAR  OF  ANGULAR  RACES 


lutely  filling  the  space  between  the  races.  Fig.  25  shows  the  ball  not 
quite  fining  this  space.  Fig.  26  shows  the  condition  of  Fig.  25  under 
the  influence  of  a  thrust  load.  The  ball  does  not  come  in  contact 
with  the  race  grooves  where  these  are  deepest,  but  on  one  side,  so  that 
the  tangent  to  the  race  curvature  at  the  contact  point  forms  an  angle 
with  the  line  of  thrust.  For  Fig.  24  this  angle  would  be  infinitely  small 
and  the  wedging  action  considerable.  A  calculation  of  the  amount 
of  the  wedging  action  for  Fig.  25  and    26  with  the  radial  freedom 


FIG.  24  FIG.  25 

CONDITIONS  WITH  THRUST  LOAD 

permissible  in  the  bearings  still  indicates  an  inadvisably  large  amount 
of  wedging.  But  actual  running  tests  as  well  as  a  large  fund  of 
accumulated  experience  have  absolutely  proved  that  these  bearings 
will  carry  much  more  thrust  load  than  the  calculation  of  the  theoreti- 
cal wedge  angle  indicates  as  possible.  It  is  probable  that  the  defor- 
mation which  we  know  occurs  at  the  point  of  ball  contact  and  which 
results  in  small  actual  surface  areas  of  contact  instead  of  mere  points, 
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has  a  mean  tangent  to  such  compression  surface  of  greater  inclination, 
and  that  the  wedge  is  therefore  more  bkmt. 

13  It  has  been  experimentally  determined  that  the  thrust  carrying 
capacity  of  the  uninterrupted  type  of  an  annular  bearing  is  to  the 
radial  capacity  as  ^^^^  to  ^  to  1,  depending  upon  the  relation  of  ball 
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FIG.   26 

CONDITIONS  "WITH  THRUST  LOAD 


FIG.  27 


diameter,  race  curvature,  and  number  of  balls.  It  has  also  been 
experimentally  found  and  confirmed  by  experience  that  speed  has 
very  slight  influence  on  this  thrust  carrying  capacity;  for  speeds  above 
1500  revolutions  per  minute  these  radial  bearings  of  the  uninter- 
rupted race  type  are  more  efficient  thrust  carriers  than  the  collar  type. 
14  This  is  characteristic,  however,  only  of  the  uninterrupted 
radial  type.  Those  forms  in  which  the  balls  are  filled  in  through  an 
opening  in  the  side.  Fig.  27,  may  manifestly  not  be  subjected  to  end 
thrust,  as  that  would  cause  the  forcing  of  the  balls  into  the  inter- 
ruption and  their  destructive  pinching. 


FIG.  28  FIG.  29 

BEARINGS  WITH  AND  WITHOLT  SMALL  SEPARATING  BALLS 

15  It  is  held  by  many  designers  of  ball  and  roller  bearings  and 
others  as  well — that  in  such  bearings  adjacent  balls  or  rollers  are 
pressed  against  one  another  with  considerable  force.  With  the  inner 
race  of  Fig.  28  rotating  as  indicated,  the  balls  or  rollers  will  also  roll  as 
indicated.     The  surfaces  of  the  balls  or  rollers  roll  in  opposite  direc- 
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tions  and  therefore  with  sUding  friction.  This  is  assumed  to  be  a 
serious  defect  by  those  who  reason  that  these  surfaces  contact  under 
pressure.  The  same  general  cure  in  forms  innumerable  has  served  to 
glut  the  records  of  our  and  various  other  patent  offices.  This  cure, 
see  Fig.  29,  consists  in  the  provision  of  smaller  balls  or  rollers  inter- 
posed between  the  larger  ones,  so  that  all  contacting  surfaces  roll 
relatively  to  one  another.  The  remedy  is,  however,  fallacious  in  that 
it  brings  about  the  very  condition  it  seeks  to  avoid.     If  two  large  balls, 


FIG.  30  FIG. 

WEDGING  ACTION  OF  SEPARATING  BALL 
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(Fig.  30),  compress  a  smaller  one  between  them,  and  the  three  have 
their  centers  connected  by  a  straight  line,  they  will  retain  their  rela- 
tive positions.  If,  however,  the  interposed  roller  or  ball.  Fig.  31,  has 
its  center  to  one  side,  then  this  roller  or  ball  will  be  forced  outward. 
The  resort  to  a  cage  for  retaining  the  interposed  roller  or  ball,  results 
in  the  latter  being  pressed  against  the  sides  of  the  cage  and  in  the 
forcible  sliding  contact  that  it  was  intended  to  avoid. 


FIG.  32     SEPARATING  BALL  IN  CONTACT  WITH   RACE 

1.6  In  another  design.  Fig.  32,  the  interposed  member  is  brought 
into  contact  with  the  race.  Following  out  the  directions  of  rotation 
shows  that  the  various  rollers  or  balls  are  in  rolling  contact,  but  that 
the  interposed  member  has  the  wrong  direction  with  reference  to  the 
race  against  which  it  is  forced. 

17  These  designs  are  all  based  on  a  failure  to  recognize  an  axiom 
in  mechanics,  according  to  which  a  force  whose  direction  is  normal 
to  the  supporting  surface  has  no  component  in  any  other  direction. 
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1<S  If  a  loaded  plank,  Fig.  33,  is  carried  on  two  rollers,  and  plank 
and  ground  are  parallel,  the  rollers  will  neither  approach  to  nor  recede 
from  one  another.  If  the  plank  is  not  parallel  to  the  ground,  but  bent 
down  between  the  rollers.  Fig.  34,  the  rollers  will  be  forced  apart.  If 
the  plank  were  oppositely  curved  upward,  the  rollers  would  be  forced 
toward  one  another. 


1 


FIG.  33 


FIG.  34 
DIAGRAMS  SHOWING  TENDENCY  OF  ADJACENT  BALLS  TO  SEPARATE 

19  As  parallelism  is  concentricity  with  an  infinite  radius  of  curva- 
ture, the  parallel  plank  and  ground  may  be  regarded  as  elements  of  a 
roller  bearing  of  infinite  diameter.  A  mere  change  in  diameter,  while 
retaining  the  concentricity  of  the  two  races,  does  not  alter  the  condi- 
tions, from  which  it  follows  that  the  load  carried  by  a  ball  or  roller  does 
not  press  the  balls  or  rollers  against  one  another. 


FIG.  35 
ASSUMED  WEDGING  ACTION 


20     This  ma}'  be  considered  in  another  way.     With  the  shaft  of 
Fig.  35  loading  the  inner  race  the  latter  is  (fallaciously)  assumed  to 
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act  as  a  wedge,  forcing  the  balls  at  the  bottom  apart  and  consequently 
producing  pressure  between  the  balls  at  the  top.  In  that  case  the 
space  S  must  be  rather  smaller  than  a  ball  diameter  d.  The  rotation 
of  the  inner  race  carries  the  balls  around  the  bearing;  the  diameter  a 
is  therefore  forced  through  the  smaller  space  5.  To  do  this  the  ball 
must  lift  the  inner  race.  The  force  to  do  this  is  imparted  by  the 
load,  and  is  equal  to  the  rolling  friction  and  can  therefore  amount  to 
but  a  fraction  of  that  load.  We  would  then  have  the  absurd  condition 
of  this  smaller  force  overcoming  the  larger  original  force.  Were  we  to 
assume  that  the  inner  race  is  not  raised  by  the  ball  in  passing,  but  that 
the  ball  compresses  sufficiently  to  get  through,  this  would  mean  that 
the  absurdity  of  the  small  force  represented  by  the  rolUng  friction 
was  sufficient  so  to  deform  the  ball  or  roller. 

21  If  a  vertically  loaded  bearing  which  is  not  quite  filled,  as  Fig.  36, 
be  rotated  slowly  enough  for  observation  it  will  be  found  that  the 
balls  are  separated  near  the  top  and  slightly  forward  of  the  vertical  in 
the  direction  of  rotation,  and  that  the  balls,  under  the  influence  of 
their  weight,  drop  through  this  gap  with  a  slight  click;  this  click  is 
famiUar  enough  to  those  who  have  not  yet  entirely  forgotten  the  days 
when  their  noses  cultivated  the  intimate  acquaintance  of  their 
bicycle  handlebars.  It  is  this  click  which  is  responsible  for  the  high 
note  of  the  high  speed  ballbearing  of  that  type  in  which  the  races  are 
filled  with  balls. 

22  I  may  seem  to  have  dwelt  unnecessarily  long  on  this  fallacy  of 
ball  and  roller  bearing  design;  its  surprising  prevalence  must  be  my 
excuse. 

Chapter  5 

correct  ball  bearing  mounting 

Ball  bearings  do  not  differ  from  other  elements  of  mechanism,  in 
that  they  must  be  used  in  conformity  with  their  individual  charac- 
teristics. 

2  Some  of  the  directions  for  correct  mounting  that  are  here  cited 
must  be  absolutely  adhered  to  under  penalty  of  failure.  These  are 
given  in  a,  h,  c,  d  and  e  of  Par.  3.  To  follow  the  others  will  be  safe  engi- 
neering; they  are  frequently  disregarded,  but  such  disregard  is  a 
standing  invitation  to  trouble. 

3  A  strict  adherence  to  all  of  the  directions— and  they  are  neither 
many  nor  troublesome — will  result  in  a  reliability  as  near  to  absolute 
as  even  the  most  exacting  can  expect — a  reliability  far  beyond  that  of 
any  other  form  of  journal — and  such  reliability  is  gained  with  the 
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advaiitagesof  a  practical  absence  of  friction,  small  space  occupied,  and 
the  minimum  of  attendance.  Surely  these  are  advantages  enough  to 
make  a  careful  study  and  following  of  the  directions  worth  while. 

a  The  proper  size  selection  for  the  load  must  be  made.  Rated 
capacities  are  usually  for  steady  loads  and  speeds.  Varia- 
tions from  these  conditions  demand  recognition  by  a  suit- 
able cutting  down  of  the  listed  capacity. 

h  Bearings  must  he  lubricated.  The  oft  repeated  statement 
that  ball  bearings  can  be  run  without  lubricant  is  per- 
nicious. 

c  Bearings  must  be  kept  free  of  grit,  moisture  and  acid.  This 
prohibits  the  use  of  lubricants  that  contain  or  develop 
free  acids.  It  is  entirely  practicable,  by  very  simple 
means,  to  respond  to  b  and  c. 


FIG.  36     CONDITION  WITH  VERTICALLY  LOADED  BEARING 

d  The  inner  race  must  be  firmly  secured  to  the  shaft.  It  is 
best  to  do  so  by  a  light  drive  fit,  re-enforced  by  binding 
between  a  substantial  shoulder  and  a  nut. 

e  The  outer  race  must  be  a  slip  fit  in  its  seat. 

f  Thrust  ought  always  to  be  taken  up,  whether  in  one  or  opposite 
directions,  by  the  same  bearing.  This  avoids  all  strains  due 
to  flexure  of  the  shaft  or  of  the  housing  or  due  to  tempera- 
ture variation  and,  while  doing  away  with  the  considerable 
shop  costs  inseparable  from  correct  lengthwise  dimension- 
ing, avoids  the  danger  of  excessive  end  loads  from  forcible 
assembly  consequent  on  an  inaccurate  lengthwise  location 
of  parts. 
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g  Bearings  should  never  be  dismembered,  or  at  least  never  more 
than  one  at  a  time;  this  will  avoid  the  danger  of  mixing 
balls  from  different  bearings;  such  balls  from  different 
bearings  are  apt  to  vary  more  than  is  permissible  for  the 
individual  bearing. 

ILLUSTRATIONS    OF   CORRECT    MOUNTINGS 

4  The  ball  bearing  in  its  application  to  heavy  work  and  serious 
engineering  is  of  so  recent  a  development  that  really  very  little  infor- 
mation as  to  correct  mounting  arrangements  for  the  various  conditions 
that  arise  in  practice  is  generally  available.  My  experience  has  been 
that  faulty  mountings  are  so  general  that  it  is  desirable  to  give  ele- 
mentary illustrations  rather  more  in  detail  than  would  be  considered 
necessarv  for  a  more  familiar  mechanical  element. 


FIG.  37 
RADIALLY    LOADED    ENDWISE    FLOATING    SHAFT 


5  The  inner  race  is  a  light  driving  fit  on  the  shaft  and  is  securely 
clamped  between  a  shoulder  on  the  shaft  and  a  nut.  As  the  edges  of 
the  bearing  races  are  rounded,  the  shaft  shoulder  should  be  high 
enough  to  get  a  firm  grip  on  the  side  surfaces;  about  half  as  high  as 
the  race  thickness — rather  less  for  larger  bearings,  rather  more  for 
small  bearings — is  good  practice. 

6  The  outer  race  is  a  sucking  fit  in  the  housing  so  that  the  bearing 
as  a  whole  can  respond  to  relative  shifting  of  the  shaft  and  housing 
without  being  subjected  to  an  uncontemplated  end  thrust  through  the 
balls. 
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RADIALLY  LOADED  SHAFT  HELD  AGAINST  ENDWISE  MOTION 

7  Also  for  thrust  load  in  either  direction.  Never  more  than  one 
bearing  should  thus  be  held  endwise  as  to  its  outer  race.  This  differs 
from  the  preceding  mounting  only  in  having  the  oater  race  also 
secured  between  shoulders.  FrequentI}',  as  in  electric  motors,  some 
float  of  the  shaft  is  wanted;  a  corresponding  clearance  between  these 
outer  shoulders  and  the  race  is  then  provided.  This  arrangement 
and  the  preceding  one  are  usually  found  combined  on  the  same 
shaft,  which  is  then  held  endwise  at  one  point  only,  so  that  tempera- 
ture changes,  or  deflections  of  shaft  or  of  bearing  can  cause  no  cramp- 
ing. This  mounting  will  take  end-thrust  also  and  in  opposite  direc- 
tions. It  is  very  frequentl}^  useful  where  it  is  desirable  to  take  both 
thrust  and  radial  load  on  one  bearing. 


FIG.  39 
SEPARATE    RADIAL    BEARINGS    FOR   RADIAL    AND   THRUST    LOADS 
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8  It  is  occasionally  desirable  to  take  thrust  load  on  bearings  of 
the  radial  type,  while  the  space  available  does  not  permit  of  a  single 
radial  bearing  of  sufficient  diameter  to  take  both  loads.  A  second 
may  then  be  so  mounted  that  it  is  entirely  free  circumferentially  and 
so  cannot  be  loaded  radially. 


FIG.  40 
THRUST    LOAD 


FIG.  41' 
COLLAR    BEARING 


IN    ONE    DIRECTION    ON 

9  The  stationary  race  is  provided  with  a  spherical  seat  so  that  it 
will  distribute  the  load  over  the  complete  ball  circle. 

10  In  order  to  permit  compensating  shifting,  the  fixed  plate  must 
be  radially  free  of  the  shaft  and  of  the  housing.  The  shaft  shoulder 
should  reach  high  enough  not  to  subject  the  rotating  race  to  bending 
strains  tending  to  dish  it.  Where  it  is  inconvenient  to  provide  a  suffi- 
cient shoulder  on  the  shaft,  it  is  advisable  to  insert  a  suitable  washer, 
as  shown  in  the  modification,  Fig.  41. 


THRUST    LOAD    IN    TWO    DIRECTIONS    ON    TWO    COLLAR    BEARINGS 
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11     This  is  simply  a  doubling  of  the  preceding  unit  to  provide  for 
the  reverse  thrust. 


FIG.  43 
THRUST  LOAD  IN  TWO  DIRECTIONS  ON  ONLY  ONE  COLLAR  BEARING 

12  This  arrangement  economizes  in  room,  in  cost  of  bearings  and 
in  number  of  parts. 

13  While  the  shaft  shoulder  a  and  the  housing  abutment  6  are  in 
intimate  contact  with  the  races  due  to  the  transmission  of  the  thrust 
loads,  the  other  abutment  6i  and  the  shaft  nut  a,  are  not  under  pressure 
and  are  sUghtly  relieved  by  the  spring  of  the  parts,  so  that  the  lubri- 
cant can  get  between  the  surfaces.  Reversal  of  the  thrust  will  bring 
the  erstwhile  free  shoulders  into  contact  under  load  and  clear  the 
others. 


FIG.  44 
RADIAL    AND    ONE    DIRECTION    THRUST    ON    COLLAR    BEARING 
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14     This  combination  is  an  obvious  one,  not  differing  in  principle 
of  the  mount  from  those  already  shown. 


FIG.  45 

RADIAL  AND  TWO  DIRECTION  THRUST  ON  TWO  COLLAR  BEARINGS;    USED 

IN  MOTOR  BOAT  AND  YACHT  PROPELLER  SHAFTS 

15  This  is  an  obvious  extension  of  the  preceding  arrangement  in 
accord  w^th  the  intended  function.  Attention  may  be  drawn  to  the 
distance  piece  for  transferring  a  binding  thrust  to  the  inner  race  of 
the  radial  bearing. 


FIG.  46 
SHAFT    FLOATING    THROUGH   INNER    RACE 

16  It  is  occasionally  inconvenient  so  to  arrange  an  assemblage  of 
parts  that  the  inner  races  can  be  clamped  to  the  shaft,  or  it  is  desirable 
to  have  a  shaft  slide  through  it.  The  peening  effect  of  vibratory  loads 
concentrated  on  so  narrow  a  zone  of  the  shaft  as  the  race  width 
would  cause  the  cutting  down  of  the  shaft.  Introducing  a  sleeve, on 
which  the  inner  race  of  the  bearing  is  firmly  clamped  endwise,  gives  a 
sufficiently  long  surface  between  sleeve  and  shaft. 
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FIG.  47 
ADAPTER  BEARING  FOR  CONTINUOUS  OR  DRAWN  SHAFTING 

17     The  bearing  is  tapered  as  to  bore.     Driving  the  spht  bush  in 
will  clamp  both  bearing  and  sliaft  and  compensate  for  such  size  varia- 
tions as  are  usually  found  in  shafting.     The  nut  must  not  be  used  to 
draw  the  bush  in,  but  merel3'asalock  to  hold  it  after  it  is  driven  home. 


FIG.  48 
BEARING    CLOSURE — SINGLE    GROOVE — NO    PACKING 


18  It  is  necessar}'  so  to  enclose  a  ball  bearing  that  the  lubricant 
will  not  be  lost  by  leakage  and  that  foreign  matter  will  be  excluded. 
This  shows  one  way  that  has  been  found  efficient.  Where  a  shaft 
terminates  in  a  bearing,  the  outer  end  is  best  closed  in  completely  by  a 
suitable  cover.  Where  the  shaft  passes  out,  a  flange  should  be 
brought  down  to  the  shaft  and  bored  out  not  over  0.02  inch  in  diame- 
ter larger  than  the  shaft;  this  flange  should  be  separated  into  two  lips 
by  an  annular  groove  which  may  be  either  cored  or  bored,  as  may  be 
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convenient.     The  lips  should  not  be  less  than  |  inch  wide  and  should 
have  sharp  edges;  rounding  them  over  will  defeat  their  object. 

19  The  groove  should  be  provided  with  a  hole  or  narrow  slot  at  its 
lowest  point  to  communicate  with  the  bearing  oil  space.  For  a  rotat- 
ing frame — as  a  vehicle  hub — several  such  drains  should  be  distri- 
buted around  the  groove.  The  groove  should  have  a  width  of  not 
less  than  ^  inch  and  a  depth  of  about  ]%  to  f  inch.  Filling  the 
groove  with  a  packing  material  will  destroy  its  object  just  as  soon  as 


FIG.  49 
BEARING  CLOSURE — DOUBLE  GROOVE NO  PACKING 

the  packing  has  worn  sufficiently  to  hug  the  shaft  no  longer.     This 
arrangement  does  away  with  the  necessity  of  all  spraying  rings, 


FIG.  50 
BEARING    CLOSURE — DOUBLE  GROOVE — GREASE    PACKING 
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grooves,  collars,  pockets,  and  similar  devices  now  much  used.      It 
fails  of  its  object  if  there  is  radial  wear. 

20  This  differs  irom  the  previous  closure  only  in  the  provision  of  a 
second  groove  and  third  lip.  The  arrangement  is  emplo3-ed  where 
water  is  occasionally  encountered  and  will  prevent  its  entrance. 
What  little  may  find  its  way  past  the  outer  Up  into  the  outer  groove 
is  soon  drained  out  of  that  again  through  the  holes  provided. 

21  Where  much  impalpable  grit  is  present,  as  in  emery  and  other 
grinding  machinery,  a  packing  that  actually  hugs  the  shaft  is  neces- 
sary. Filling  the  outer  groove  with  a  fairly  consistent  grease  will 
provide  such  a  packing  without  introducing  friction.  A  grease  cup  of 
the  spring  loaded  piston  type  will  automatically  maintain  the  integ- 
rity of  this  packing.  Its  use  entails  some  attention  to  the  proper  bal- 
ance of  grease  consistency  and  spring  pressure  under  the  extremes  of 
temperature  likely  to  be  encountered.  A  manually  adjusted  grease 
cup  is  less  delicate,  but  must  occasionally  be  given  a  turn. 


FIG.  51 
BEARING    CLOSURE — TAKE    UP    FELT    RING 


22  Some  prefer  a  felt  ring  packing.  They  will  find  that  to  soak 
such  ring  in  good  soft  paraffin  and  then  to  pass  a  split  spring  wire  ring 
around  it  will  force  the  outer  edges  of  the  washer  outward  to  more  in- 
timate contact  and  cause  the  bore  to  hug  the  shaft,  even  as  the  ring 
wears.  The  action  will  be  improved  if  the  ring  is  not  stamped  out  as 
a  washer,  but  laid  up  from  a  strip  with  the  ends  scarfed;  this  will 
permit  it  to  close  up  more  freely  under  the  constraint  of  the  encircling 
spring. 
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FIG.  52 
BEARING    CLOSURE — TAKE    UP   WEDGE    FELT   RING 

23  Instead  of  having  the  felt  ring  hug  the  shaft  it  is  tapered  on  one 
or  both  sides;  the  seal  is  then  made  entirely  against  the  sides  of  the 
similarly  shaped  hub  and  boss. 


FIG.  53 
A  MODIFICATION 


24  Whereas  the  two  closures  last  shown  were  for  insertion  between 
the  faces  of  a  stationary  boss  and  rotating  hub,  this  modification  is 
enclosed  entirely  within  the  one  or  other.  The  felt  ring  is  set  into  a 
counter  bore  and  held  in  place  by  a  lighi  metal  cap  that  is  sprung  into 
place. 
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FIG.  54 
A    SIMPLE    AND    USEFUL   NUTLOCK 

25  Particularly  with  machineiy  that  is  subject  to  vibration  it  is 
necessary  to  lock  firmly  the  nut  that  clamps  the  inner  race.  It  is 
unsafe  to  rely  on  any  form  of  a  threaded  lock;  that  also  is  likely  to 
jar  loose.  Castellated  nuts,  etc.,  are  unsightly  and  only  jDermissible 
at  the  end  of  a  shaft.  The  arrangement  recommended  consists  of  a 
split  wire  ring  that  is  sprung  into  a  groove  turned  circumferentially 
into  the  nut.  A  pin  dropped  into  a  hole  drilled  through  the  nut  and 
partly  into  the  shaft  will  be  prevented  from  falling  out  by  this  guard 
ring.  To  permit  of  easil}^  getting  the  pin  out  it  is  sometimes  allowed 
to  project  and  the  ]"ing  is  passed  through  a  hole  near  the  outer  end  of 
the  pin.  Not  infrequently  pin  and  ring  are  combined  by  bending  the 
end  of  the  ring  over  to  act  as  the  pin.  The  same  arrangement  is  use- 
ful also  when  the  nut  is  threaded  on  the  outside  to  lock  the  outer  race 
of  a  ball  bearing,  as  shown. 


Chapter  6 

various  ball  bearing  mounted  automobile  elements  taken 
from  current  practice^ 

1  As  it  was  the  earliest,  so  the  gasolene  driven  automobile  is  still 
the  predominant  type. 

2  The  illustrations  are  taken  from  working  drawings  courteously 
placed  at  my  disposal  by  builders  of  that  type  of  touring  and  com- 
mercial car. 


1  Blue  prints  of  a  large  number  of  examples  from  actual  practice  were  shown  by 
the  author  iinder  this  lieading  at  the  time  of  the  oral  presentation  of  his  jjaper.  A 
few  of  these  have  been  selected  to  be  reproduced  in  this  volume,  to  ilirect  attention 
to  the  more  important  features  brought  out  in  the  text. — Editor. 
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FIG.  55     SMITH  &  MABLEY  CRANKSHAFT 
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3  Beginning  with  the  engine,  the  crankshaft,  camshaft  and  subsi- 
diary shaft  bearings,  such  as  those  of  the  fan  and  pump,  come  under 
consideration. 

BUILT   UP    CRANKSHAFTS 

4  A  decidedly  interesting  crankshaft  is  made  by  Smith  &  Mabley 
At  1200  revolutions  per  minute,  the  eight  7  inch  diameter  by  6^  inch 
stroke  cylinders  developed  190  horse  power.  The  shaft  is  built  up 
of  similar  units.  Only  the  five  main  bearings  are  ball  journaled.  The 
shaft  joints  are  placed  directly  under  the  inner  races  of  the  ball  bearings. 
These  joints  are  carried  out  as  six  jawed  tooth  clutches,  the  engaging 
faces  of  which  are  drawn  together  by  body  fitted  bolts;  the  torsion 
effort  is  transmitted  entirely  through  the  jaws.  The  bolts,  in  con- 
junction with  the  shoulder?  on  either  side  of  the  bearing  seats,  serve 
also  to  bind  securely  the  inner  races.  Fig.  oo  gives  a  fair  idea  of  the 
appearance  of  the  assembled  shaft. 

5  The  same  form  of  joint  has  been  used  in  crankshafts  by  Noble, 
each  unit  consisting  of  one  web  and  a  half  bearing  seat;    in  his  con- 


FIG.  56     JiALL  BEARING  CRANKSHAFT  OF  MOORE  40  H.P.  CAR 

struction  not  only  the  main  journals,  but  also  those  for  the  connecting 
rods  w^ere  carried  out  as  ball  bearings.  Noble,  however,  used  a  body 
free  bolt  with  a  tapered  head  fitting  into  a  corresponding  seat  and 
drawn  home  by  a  similarly  tapered  nut.  I  understand  from  Mr. 
Noble  that  this  principle  for  building  up  crankshafts  has  been  used 
also  on  standard  English  locomotives  for  plain  bearings. 

6  A  well  thought  out  built-up  crankshaft  is  that  of  the  Moore 
Automobile  Company.  See  Fig.  56.  In  this,  each  unit  consists  of 
a  wrist  serving  as  a  journal  of  the  usual  plain  type  for  the  con- 
necting rod  end;  this  wrist  forms  a  single  forging  with  a  flange  at 
either  end;  these  flanges  carry  circular  bosses  whose  center  line  corre- 
sponds with  that  of  the  shaft  main  axis.     As  the  bosses  extend  into 
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and  fit  the  bore  of  the  main  journal  ball  bearings  from  both  sides,  six 
body  bound  bolts  connect  and  align  successive  units  ^vhile  securely 
binding  the  inner  races  between  the  web  flanges.  Moore  uses  very 
large  bearings,  as  compared  with  current  practice,  for  his  cylinder 
diameters  and  lightens  his  crankshaft  by  liberally  boring  out  the 
wrists  and  main  journal  bosses. 

ONE    PIECE   CRANKSHAFTS 

7  Of  one-piece  crankshafts  the  Stearns,  Fig.  57,  represents  good 
mounting  practice.  The  bore  of  the  bearing  must  be  large  enough  to 
permit  threading  it  over  the  webs.  This  is  a  four  cylinder  crankshaft 
with  one  central  and  two  end  bearings.  The  bore  of  the  central  ball 
bearing  is  large  enough  to  pass  over  the  webs  to  find  its  seat  on  the 
corresponding  short  wrist  close  up  to  one  web.  A  narrow  shoulder 
locates  the  bearing  endwise.  It  is  confined  from  the  other  side  by 
a  halved  collar  that' fills  the  space  to  the  other  web;  the  halves  of  this 
collar  are  firmly  bolted  together.  End  crankshaft  bearings  are  fre- 
quently selected  of  a  smaller  bore  than  the  central  ones  as  they  need 
not  be  passed  over  webs;  they  must  then  be  selected  from  a  heavier 
series.  In  this  case  the  designer  preferred  to  use  the  same  size  bear- 
ings throughout.  The  difference  in  diameter  of  shaft  and  bore  of  end 
bearings  was  made  up  by  bushes  tightly  fitted  to  the  shaft  and  into 
the  bearings.  Structural  simplicity  and  stiffness,  with  light  weight  of 
the  crank  casing,  were  secured  by  making  this  of  one  piece  instead  of 
capping  it,  as  is  the  more  general  practice;  the  endwise  assemblage 
that  this  demanded  is  responsible  for  the  bushes  that  carry  the  outer 
races  of  the  central  and  right  hand  end  ball  bearings.  The  bores  for 
these  bushes  permit  the  insertion  of  the  cranks. 

8  This  same  drawing.  Fig.  57,  contributed  by  the  Stearns  Com- 
pany also  shows  its  practice  in  camshaft  mounting  on  ball  bearings. 
The  shaft  case  is  integral  with  that  for  the  cranks  and  open  only  at  the 
ends  for  assemblage.  With  the  exception  of  the  coned  end  for  the 
driving  gear,  the  shaft  is  of  uniform  diameter  throughout  its  length. 
The  cams,  pinion,  and  inner  races  of  the  ball  bearings,  of  which  there 
are  five,  are  all  clamped  endwise  by  end  nuts  by  means  of  interposed 
tubular  distance  pieces.  The  bushings  taking  the  outer  races  of  the 
ball  bearings  are  inserted  merely  to  permit  the  endwise  passage  of 
the  cams,  the  extreme  radii  of  which  are  larger  than  the  ball  bear- 
ing semi-diameters. 

9  To  the  employment  of  ball  bearings  for  the  main  journals  of 
gasolene  engine  crankshafts  there  is  no  known  limit.  In  this 
Society's  Transactions  for  1906,  was   illustrated  a  crankshaft  from 
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French  practice,  each  main  journal  of  which  has  to  carry  a  working 
load  of  20,000  pounds  at  450  revolutions  per  minute.  The  acceptance 
run  involved  trying  out  under  28,000  pounds  load  per  journal  for 
14  hours  at  450  revolutions  per  minute. 

10  The  connecting  rod  end  presents  a  more  difficult  problem. 
The  velocity  of  the  journal  is  continuously  varying  with  the  angular 
position.  In  larger  engines  the  inertia  of  a  ball  that  can  withstand 
the  rather  violent  effect  of  the  charge  opposes  this  continuous  change 
of  speed  so  as  to  cause  a  serious  interference  with  correct  rolling.  In 
Europe,  where  this  use  of  ball  bearings  is  of  sufficiently  long  standing, 
experience  has  shown  that  this  influence  is  negligible  for  engines  of 
less  than  six  inches  cylinder  diameter. 

CRANKSHAFT    BEARING    SELECTION 

11  The  load  imposed  on  crankshaft  bearings  is  governed  by  so 
many  complex  factors  that  it  is  more  practicable  to  base  the  selection 
of  a  particular  type  of  bearing  on  a  simple  rule  of  thumb,  the  sub- 
stantial reliability  of  which  has  been  proved  by  experience.  For  the 
conditions  obtaining  in  gasolene  engines  of  the  automobile  and  marine 
type,  an  average  pressure  of  300  pounds  per  square  inch  of  piston 
area  is  assumed,  and  a  bearing  selected  whose  rated  carrying  capacity 
for  steady  load  and  speed  corresponds  to  the  total  so  arrived  at.  For 
the  main  journals,  provided  these  are  equi-distant  on  either  side  of 
the  cylinder  center,  bearings  having  five-eighths  of  this  capacity  will 
answer;  for  a  different  relative  location  larger  bearings,  corresponding 
each  to  its  location  lever  arm,  must  be  selected.  Such  bearings  have 
invariably  proved  sufficient  for  any  size  of  engine  for  the  main  journals 
and  on  the  connecting  rods  for  cylinders  up  to  six  inches  diameter, 
while  often,  too,  bearings  of  three-fourths  of  this  capacity  have  been 
found  satisfactory.  Experience  has  proved  that  motors  of  similar, 
cylinder  dimensions  impose  widely  differing  loads  on  their  journals. 

12  The  automobile  industry,  possibly  more  than  any  other,  shows 
clearly  the  universality  of  modern  engineering  and  the  obliteration 
of  engineering  lines.  Many  of  the  features  found  in  the  mechanism 
of  both  foreign  and  American  machines  are  the  result  of  experience, 
which  has  led  to  certain  established  principles  of  design  incorporated 
alike  in  machines  of  foreign  and  domestic  manufacture.  A  decidedl}' 
good  design  as  to  mounting  is  found  in  Fig.  58,  a  change  gear 
contributed  by  the  Locomobile  Company  of  America.  Every  inner 
race  is  securely  bound  endwise  between  substantial  shoulders  and 
locked  nuts  or  interposed  distance  pieces.     Every  shaft  that  is  held 
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against  lengthwise  shifting  is  so  held  in  both  directions  at  one  bearing 
only.  The  possibility  of  imposing  uncontemplated  end-thrusts  on 
any  bearing  l)y  setting  up  any  nut  too  far  is  guarded  against,  since 
the  design  will  not  permit  any  such  maladjustment,  either  because 
the  nuts  come  up  solid  or  are  provided  with  one-position  locks.  The 
end-thrust  of  the  bevel  gearing  is  taken  on  the  rear  member  of  each 
pair  of  radial  bearings,  its  housing  seat  being  sufficiently  cleared 
radially  to  insure  that. 

13     The  Pierce  "Great  Arrow"  change  gear  of  Fig.  59,  shows  that 
the  dictates  of  experience  for  reliable  ball  bearing  use  have  been  care- 


FIG.  59     TRANSMISSION  CASE,  THE  GEORGE  N.  PIERCE  CO. 

fully  incorporated.  All  inner  races  are  driven  on  their  seats  and  also 
clamped  between  shoulders  and  nuts.  All  outer  races  are  slip  fits  in 
their  seats  and  are  free  endwise  except  where  the  ball  bearings  are  to 
secure  a  shaft  or  spool  lengthwise.  This  office  is  always  assigned  to  only 
one  bearing  on  a  shaft,  so  that  no  deflections  of  either  housing  or  shaft, 
or  variations  in  length  due  to  temperature  changes,  can  bring  about 
unpremeditated  end-thrusts;  as  this  arrangement  at  the  same  time 
allows  considerable  latitude  in  the  lengthwise  relationship  of  shoulders 
on  shaft  and  housing,  shop  economy  as  well  is  promoted. 
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14  In  cprtain  makes  the  various  ball  bearings  for  the  change  gears 
arc  not  mountetl  tlirectly  in  an  aluniinum  case,  but  are  in  interposed 
bAmze  sleeves.  This  is  a  practice  surviving  from  the  earlier  days 
when  the  aluminum  castings  were  rather  too  soft  to  permit  concentra- 
tion of  general  loads  on  narrow  areas  corresponding  to  the  ball  bearing 
races.  Many  builders,  however,  now  find  it  quite  safe  to  dispense 
with  these  bushings  even  where  crank  shafts  give  a  rather  severe  ham- 
mering load. 

TRUCK    GEAR   CASE 

15  That  ball  bearings  are  equal  to  the  conditions  of  the  heavier 
commercial  vehicles  as  well  as  to  those  of  the  touring  car  type  here- 
tofore shown  may  be  left  to  the  evidence  of  Fig.  60,  a  gear  case  used 
by  Mack  Brothers  in  the  chassis  on  which  they  mount  not  only  their 
sightseeing  bodies,  but  also  those  for  their  2  to  10  ton  trucks.  Bear- 
ings of  the  radial  tj^pe  are  used  throughout  and  carry  the  radial  loads 
as  well  as  the  thrusts  of  the  bevel  gearing.  Since  1905  there  have 
gone  into  use  some  63  of  these  cars.  That  a  close  grained  cast  iron 
makes  a  very  satisfactory  liner  is  shown  by  this  case,  in  which  that 
material  is  interposed  between  the  ball  bearings  and  the  aluminum 
housing.  Convenience  of  access  from  underneath  is  provided  by  hold- 
ing the  liners  up  by  encircling  stirrups,  so  that  the  entire  case  cover 
can  be  dropped.  The  whole  design  commends  itself  favorably  to  the 
writer  as  in  line  with  his  preference,  as  an  old  machine  tool  designer, 
for  always  substituting  a  separate  tooth  clutch  engagement  for  sliding 
gears.  The  universally  favorable  experience  with  clash  gears  is  only 
another  instance  of  the  upsetting  of  traditions  and  supposedly  inviol- 
able rules  of  experience.  What  sane  designer  outside  of  the  automo- 
bile field  would,  for  instance,  submit  his  gears  to  such  stresses  and  speeds 
as  are  standard  in  automobiles  and  under  most  adverse  conditions? 
Yet  such  gears  work,  work  well  and  certainly  last  well  also. 

CHANGE    GEAR    BEARING    SIZE    SELECTION 

IG  The  conditions  under  which  the  ball  bearings  have  to  work  in 
change  gears  are  so  varied  that  it  is  practically  impossible  to  give  uni- 
versally adequate  directions  for  a  proper  selection  of  sizes.  The  loca- 
tion of  the  case  on  the  chassis,  whether  near  the  motor  or  close  to  the 
rear  axle,  the  mode  of  suspension  and  other  elements  which  will 
greatly  affect  the  severity  of  the  road  hammer,  the  relative  use  of  the 
various  speeds  as  determined  by  the  character  of  the  country,  as  well 
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as  that  of  the  drivers,  even  the  uncertainty  as  to  the  power  actually 
transmitted,  all  are  factors  which  should  be,  but  which  cannot  be, 
taken  into  quantitative  consideration.  The  best  guide  must  be  the 
experience  gained  by  the  bearing  manufacturer  in  carefully  following 
up  the  performance  of  various  cars.  While  he  can  place  that  experi- 
ence at  the  disposal  of  interested  inquirers  in  the  shape  of  definite  sug- 
gestions based  on  data  submitted,  the  inquirer  himself  generally  pre- 
fers to  make  out  at  least  a  first  design.  It  may  be  safely  said  that,  as 
a  rule,  bearings  of  the  medium  series  will  answer  for  gear  cases  where 
such  hearings  are  to  be  mounted  directly  on  the  shafts;  it  is  the  shaft 
diameters  that  wall  then  usually  compel  sufficient  size. 


FIG.  61     JACKSHAFT  AND  SPROCKET  OF  THE  LOCOMOBILE  COMPANY 

17  Where  bearings  are  mounted  on  a  spool  or  hul)  through  which  a 
shaft  passes,  the  greater  size  consequent  on  the  larger  bore  will  usually 
make  a  selection  from  the  light  weight  series  practicable.  Excep- 
tions are  frequently  encountered  where  the  bearings  are  to  take  the 
end  thrust  of  bevel  gears,  as  for  instance  those  mounted  on  the  sleeves 
of  the  differential  gears;  here  usually  a  light  weight  bearing  will 
answer  for  the  non-thrust  side  and  one  of  corresponding  l)ore  from 
the  medium  weight  series  for  the  thrust  side  to  take  (•()ml)ine(l  thrust 
and  radial  load.  If  thrust  and  radial  loads  are  taken  on  two  separate 
radial  bearings  these  may  be  often  both  taken  from  the  light  weight 
list.     Where  bearings  of  the  collar  type  are  preferred  to  take  the 
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bevel  gear  thrust,  it  will  generally  do  to  select  a  bearing  whose  bore 
will  correspond  to  the  contemplated  location.  Bearings  of  the  heavy 
weight  series  are  but  rarely  required;  their  use  is  generally  due  to  a 
desire  on  the  part  of  the  builder  for  great  excess  in  load  capacity. 

SPROCKET    BEARINGS    AND    SIZE    SELECTION 

IS  A  single  example  of  good  design  in  sprocket  mounting  taken 
from  the  practice  of  the  Locomobile  Company  and  shown  in  Fig.  61 
will  do.  The  principles  of  mounting  are  not  different  from  those  laid 
down  for  other  elements.  To  mount  the  bearings  as  nearly  in  line 
with  the  chain-pull  as  possible  is  always  advisable.     A  safe  guide  to 


FIG.  62  FRONT  HUB,  THE  LOCOMOBILE  COMPANY 

size  selection  will  usually  be  found  in  the  demands  of  the  shaft  as  to 
bore  and  response  to  the  extra  stresses  of  loose  and  slapping  chains 
by  making  the  selection  from  the  heavy  weight  series. 


REAR    AND    FRONT    WHEEL    DESIGNS 

19  A  design  that  is  very  good  is  reproduced  in  Fig.  62  from 
the  practice  of  the  Locomobile  Company.  The  inner  races  of 
the  bearing  are  driven  on  and  clamped  by  the  use  of  the  single 
castellated  end  nut;  an  interposed  tubular  distance  piece  bridges  the 
gap  from  the  outside  to  the  inside  bearings  and  so  serves  to  bind  both 
races.  Flesang  at  either  end  of  this  distance  piece  extend  both 
inward  and  outward  to  the  axle  and  the  hub;  these  are  an  ultra  con- 
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servative  designer's  safeguards  for  supporting  a  wheel  should  the 
bearings  fail.  A  large  washer  bridgingthc  annular  space  between  the 
inner  and  outer  race  of  the  front  bearings  will  keep  out  much  of  the 
grit,  etc.,  that  would  otherwise  get  into  the  bearings  should  the  hub 
cap  be  knocked  off  when  trying  conclusions  with  some  passing  wheel. 
All  thrust  in  either  direction  is  taken  on  the  inner  bearing  which  is, 
as  to  its  outer  race  also,  firmly  clamped  endwise;  the  outer  race  of 
the  other  bearing  is  free  and  therefore  subject  to  no  end-thrust. 

20  The  influence  of  the  relative  location  of  the  bearings  and  th3 
center  of  the  wheel  tread  on  the  size  of  the  bearings  is  clear  from  a 
comparison  of  Fig. 62 already  described  and  this  Fig.  63  of  the  "Great 


FIG.  63     FRONT  HUB  OF  GEORGE  N.  PIERCE  CO. 


Arrow"  front  hub.  In  this  latter  a  location  of  the  tread  more  directly 
in  line  with  the  inner  bearing  throws  more  of  the  load  on  that  and  so 
compels  the  employment  of  a  relatively  larger  bearing  for  this  place. 
The  necessary  difference  is,  however,  not  quite  that  shown,  part  being 
due  to  personal  preferences.     Both  are  ample  as  to  size. 

21  A  direct  axle  driven  rear  hub  is  that  of  Fig.  64,  again  from 
the  "Great  Arrow,"  which  throws  the  entire  wheel  load  on  to  a  single 
liberal  ball  bearing  that  also  takes  all  wheel  thrusts. 

22  A  favorite  German  heavy  truck  front  hub  and  steering  pivot  is 
that  of  Fig.  65  taken  from  a  truck  of  10  tons  dead  weight  tocarry  a  load 
of  5  tons.     One  of  these  has  demonstrated  its  qualities  in  the  decidedl}' 


BALL    BEARINGS 


41, 


rxa 


416 


BALL    BEARINGS 


heavy  work  incident  to  a  shop  removal  from  Berhn  to  the  suburbs  in 
the  transfer  of  much  heavy  machinery  under  hurry  up  conditions. 
If  proof  of  the  preeminent  advantage  of  tlie  modern  motor  truck  were 
needed,  this  work  conclusively  demonstrated  it,  in  active  and  forced 
day  and  night  competition  with  horsedrawn  vehicles. 

23  While  the  power  loss  due  to  friction  at  the  steering  pivot  can 
never  be  serious,  since,  though  with  plain  steps  the  friction  is  high,  the 
speed  and  distance  are  slow,  nevertheless  the  substitution  of  a  ball  step 
greatl}"  facilitates  the  ease  of  handUng  and  provides  that  responsive- 
ness of  the  steering  wheel  that  the  man  at  the  helm  values  highly  and 
that  gives  him  the  impression  that  his  vehicle  is  a  sentient  being, 
rather  than  a  mere  inert  piece  of  mechanism. 


FIG.  65 


STEERING  HUB,  GERMAN  TRUCK.     5  TONS  DEAD  WEIGHT  TO  CARRY 
5  TONS  LOAD 


BEVEL   DRIVEN   REAR   AXLES 

24  A  typical  arrangement  is  that  of  Fig,  64  taken  from  the  Pierce 
"Great  Arrow,' '  Both  radial  and  thrust  load  due  to  the  bevel  pinion  are 
taken  on  the  same  radial  bearing,  but  when  it  comes  to  the  bevel  gear, 
the  designer  prefers  to  take  these  separate  loads  on  separate  bearings. 
A  collar  type  of  ball  bearing  is  therefore  placed  behind  the  radial  bear- 
ing on  the  thrust  side  of  the  differential  hub.  The  spherical  compen- 
sating seat  for  the  stationary  ball  plate  permits  the  employment  of  a 
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more  convenient,  smaller  bearing  than  was  general  in  older  practice 
using  flat,  non-compensating  races. 

25  An  example  of  a  rear  axle  of  the  floating  type  is  the  Nordyke 
and  Marmon  axle,  in  which  the  wheel  bearing  is  relieved  of  all  thrust 
loads.  These  are  transferred  to  and  through  the  axle  so  that  the 
inward  thrust  is  taken  up  on  the  collar  ball  thrusts  on  the  opposite 
side  of  the  differential,  while  the  outward  thrust  is  taken  up  on  the 
collar  ball  thrust  on  the  same  side  of  the  differential. 

26  Notwithstanding  that  the  radial  form  of  annular  bearing  of 
the  uninterrupted  (D.  W.  F.  or  H.  B.)  race  cross  section  is  taking  wheel 
thrusts  in  many  cars  besides  those  illustrated,  there  are  still  many 
designers  who  hesitate  to  be  convinced.  The  construction  last  de- 
scribed meets  their  fears  by  transferring  all  thrusts  to  the  central, 
collar  type,  ball  bearings. 

HUB    AND    AXLE   BEARING    SELECTION 

27  The  remarks  about  bearing  selection  made  in  connection  with 
change  gears  apply  with  equal  force  to  those  for  rear  axle  bevel  drives. 

28  For  front  and  rear  hubs,  where  these  are  supported  on  two 
bearings,  it  will  usually  be  safe  to  consider  one  third  of  the  entire  load 
of  a  car  plus  passengers  at  150  pounds  each  as  coming  on  one  wheel; 
about  10  per  cent  of  this  taken  off  for  a  front  wheel  and  10  per  cent 
added  for  a  rear  wheel  will  sufficiently  allow  for  the  greater  rear 
loading. 

29  A  bearing  pair  should  be  selected  whose  combined  steady  load 
and  speed  rating  should  be  not  less  than  one  half  greater  than  this 
figure,  provided  that  the  center  of  the  wheel  tread  is  placed  about 
twice  as  far  from  the  center  of  the  outer  bearing  as  from  that  of  the 
inner  one  and  provided  further  that  the  rated  capacity  of  the  outer 
bearing  be  not  less  than  two-thirds  that  of  the  inner.  Either  bearing, 
may  be  arranged  to  take  the  thrusts,  but  it  is  always  preferable  to 
take  both  thrusts  on  the  same  one.  Shifting  the  tread  center  will 
demand  a  larger  bearing  for  the  one  toward  which  the  shift  is  made; 
for  the  extreme  location  directly  in  line  with  the  bearing  center,  the 
rated  capacity  of  that  one  should  equal  the  full  one  and  one-half 
wheel  loads,  as  determined  above. 

30  The  thrusts  had  then  best  be  taken  on  the  outer  bearings. 
Where  a  single  bearing  carries  the  entire  wheel  load,  the  size  selection 
will  be  the  same  as  governs  when  the  tread  is  located  in  line  with  the 
inner  bearing.  Also,  as  a  rule,  bearings  of  the  light  weight  series 
should  not  be  employed  in  wheels  even  though  their  rated  capacity 
is  sufficient;    the  road  shocks  call  for  larger  balls  than  are  usually 
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found  in  the  light  weight  bearings,  unless  such  of  quite  abnormal 
bore  should  be  chosen. 

31  It  is  understood  that  this  is  but  a  rule  of  thumb,  in  which  no 
constants  for  the  varying  influences  of  diameter  of  wheel,  length  of 
wheel  base,  radius  of  turning  curves,  speed,  etc.,  are  recognizable. 
The  assigning  of  proper  values  to  these  elements  is  not  possible,  or 
rather  not  as  yet. 

32  On  the  other  hand,  experience  on  all  sorts  and  conditions  of 
roads  and  road  apologies  in  the  United  States  and  Europe  has  proved 
that  these  directions  give  as  good  a  selection  as  can  be  tentatively 
made.  It  should  naturally  always  be  carefully  scanned  in  its  applic- 
ability to  each  individual  case  in  the  light  of  analogous  experience. 
It  is  to  be  borne  in  mind  that  these  general  directions  for  hub  bearings 
apply  to  pneumatic  tires,  and  that  for  solid  rubber,  wood,  steel,  etc., 
the  selections  should  be  raised  one-third. 

Chapter  7 
conclusion 

Although  the  idea  of  substituting  rolling  for  sliding  friction  is 
nearly  as  old  as  mankind  itself,  dating  from  the  time  when  man,  con- 
demned to  labor,  applied  his  observations  of  the  relative  ease  of  rolling 
an  approximately  round  stone  down  on  his  enemy  as  against  sliding  a 
flatter  one,  to  an  easing  of  that  labor,  it  is  only  within  a  few  years  that 
material  progress  has  been  made. 

2  In  the  preceding  pages  the  matter  was  dealt  with  from  the 
standpoint  of  the  usefulness  of  the  ball  bearing  to  the  self-propelled 
vehicle;  this  necessarily  limited  the  discussion  to  just  enough  of  gen- 
eral matter  to  make  intelligible  and  reasonable  the  various  directions 
and  selections  for  type  selection,  size  determinations,  and  mounting 
arrangements,  culminating  in  examples  from  standard  practice  of 
various  firms  that  courteously  placed  their  drawings  at  the  author's 
disposal. 

3  The  time  and  space  available  in  the  Society  Meetings  and  Trans- 
actions and  the  good  nature  of  an  engineering  audience  further  re- 
stricted the  scope.  As  much  has  been  omitted  that  some  might  wish 
to  have  considered,  these  conditions  must  serve  in  extenuation.  A 
great  deal  of  matter  on  the  behavior  of  ball  bearings  of  many  different 
types  under  various  conditions  has  been  accumulated  and  is  still  being 
added  to.  Much  work  in  the  trying  out  of  various  materials,  on  the 
influence  of  their  chemical  and  physical  characteristics,  on  the  influence 
of  heat  treatment,  on  methods  and  apparatus  for  testing,  has  been 
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done,  is  being  done,  and  still  remains  to  be  done.  The  author  will 
take  much  pleasure,  as  occasion  may  serve,  to  make  such  contribu- 
tions along  these  lines  as  may  appear  of  general  interest  and  will  take 
particular  pleasure  in  answering  now  or  later  any  demands  for  infor- 
mation on  any  phase  of  interest. 


APPENDIX 

BALL  BEAKINGS  FOR  VARIOUS  LOADS 

Reports  from  The  Central  Laboratory  for  Scientific  Tech- 
nical Investigation 

By  professor  STRIBECK,  NEUBABELSBERG  NEAR  BERLIN 

translation  from  the  GERMAN,  BY  HENRY  HESS,  PHILADELPHIA,  PA. 
MEMBER  OF  THE  SOCIETY 

About  two  years  ago^  the  Central  Laboratory  had  occasion  to  take 
up  the  design  of  ball  bearings  for  the  heavier  loads,  in  the  interest  of 
the  German  Small  Arms  and  Ammunition  Factories  of  Berhn, 
(Deutsche  Waffen-  und  Munitionsfabriken).  At  that  time  there  were 
not  available  sufficient  data  on  either  the  permissible  loading  of  balls, 
nor  yet  on  the  frictional  values  of  ball  bearings.  Consequently  the 
first  task  was  the  experimental  determination  of  such  design  data. 

2  The  more  important  results  of  this  work  have  in  the  meantime 
been  confirmed  by  experience  in  practical  work. 

3  Since  these  results  are  appHcable  not  only  to  ball  bearings,  but 
also  to  a  much  wider  technical  domain  concerned  with  the  contact  of 
elastic  bodies,  a  detailed  report  appears  advisable. 

occurrences    AT   THE    PLACES    OF    PRESSURE 

4  The  inquiry  into  the  permissible  loading  of  balls  includes  many 
problems.  From  the  consideration  that  the  occurrences  at  the  places 
of  pressure  are  essential  to  the  behavior  of  balls  and  races,  the  first 
problem  is  to  determine  these  in  their  dependence  upon  the  load. 

5  Hertz,  in  his  work  "On  the  Contact  of  Elastic  Bodies"  (Ueber 
die  Beriihrung  elastischer  Korper), examined  the  general  case  of  two 
elastic  bodies  of  any  shape  when  pressed  together.  The  admissi- 
bility of  his  deductions  is  dependent  upon  the  following  assumptions: 

1  This  report  was  written  in  1900. 

Presented  at  the  Indianapolis,  Ind.,  Meeting  (May  1907)  of  The  American 
Society  of  Mechanical  Engineers  and  forming  part  of  Volume  29  of  the  Transac- 
tions. 
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a  The  bodies  may  be  in  contact  only  at  small  parts  of  their 

surfaces. 
b  There  must  be  no  forces  except  such  as  act  normally  upon 
the  surfaces  in  contact.     This  would  be  the  case,  as  stated 
by  Hertz,  if  the  surfaces  in  contact  were  perfectly  smooth. 
c  The  materials  must  have  proportional  limits,  and  at  the 
same  time  the  deformations  corresponding  to  the  propor- 
tional limits  must  not  be  exceeded. 
d  The  bodies  must  be  homogeneous. 
6     For   the  case  of    the    balls,  chiefly  considered   in  this   work, 
having  radii  r^  and  r^,  equal  elastic  moduli  (f>,  and  for  which  the  factor 
of  lateral  contraction  may  be  assumed  as  w  =  10/3,  Hertz  has  it 
that: 

a  The  distance  —  through  which  the  bodies  approach  one 

another  normally  to  the  pressure  surface  under  the  load 
P;  that  is,  the  compression  is 


b  The  radius  of  the  pressure  surface,  is 


r,  r. 


c  The  maximum  pressure,  which  acts  at  the  center  of  the 
pressure  surface,  is 


From  this  it  follows  that  the  pressure  p^is  1.5  the  average  pressure. 

7  But  the  central  elements  of  the  pressure  surfaces  are  not  only 
compressed  normally  to  the  surface,  but  also  in  the  other  two  directions. 
For  circular  pressure  areas  the  principal  stresses  in  the  tangential 
plane  are,  according  to  Hertz,  (0.5  +  1/m)  times  the  normal  stress, 
with  1/m  =  0.3,  and  therefore  0.8  p^. 

8  Hertz  carried  out  a  number  of  experiments  with  glass  in  order 
to  prove  the  agreement  between  practical  results  and  his  deductions. 
He  showed,  by  pressing  a  glass  lens  against  a  plane  disk  of  similar 
glass,  that  the  diameters  of  the  pressure  surfaces  increased  as  the 
cube  roots  of  the  pressures.  To  determine  the  influence  of  the  elastic 
modulus,  he  pressed  a  steel  lens  against  the  plane  surfaces  of  various 
metals,  but  encountering  difficulties  of  observation  he  gave  up  the 
experimental  proof. 
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9  Later,  Auerbach  by  also  pressing  lenses  against  plane  disks 
using  three  varieties  of  glass  and  one  mountain  crystal  and  measur- 
ing the  compression  areas,  confirmed  the  relation  of  the  compression 
area,  diameter,  load,  and  the  lens  curvature  radius  as  previously 
investigated  by  Hertz. 

10  His  experiments,  however,  with  various  curved  bodies  of  the 
same  material  gave  no  agreement  of  pressure  at  the  elastic  limit. 
According  to  Hertz,  passing  the  elastic  Hmit  in  glass  or  other  similar 
brittle  substances  first  resulted  in  a  circular  crack  closely  following 
the  edge  of  the  pressure  surface.  The  pressures  causing  these  cracks 
were  found  to  be  dependent  upon  the  curvature  of  the  lenses,  and 
invariably  proportional  to  the  cube  roots  of  the  ball  surface  diameters. 
For  ball  and  disk  the  load  at  the  elastic  limit  was  not  found  to  be, 
in  accord  with  Hertz's  formula,  proportional  to  the  square  of  the 
diameter,  but  proportional  to  the  diameter.  No  conclusive  explana- 
tion has  yet  been  found  for  this  phenomenon.  Hertz  himself  did 
not  consider  it  out  of  the  question  that  the  beginning  of  the  elastic 
limit  was  dependent  upon  subsidiary  influences,  since  he  says:  "The 
deductions  greatly  need  an  examination  by  practice,  for  it  might  be 
that  actual  bodies  only  remotely  agree  with  our  fundamental  supposi- 
tion of  homogeneity.  It  is  well  enough  known  that  the  properties 
near  the  surface,  which  are  those  that  here  chiefly  concern  us,  are 
frequently  very  different  from  those  in  the  interior  of  the  bodies." 

11  So  far  there  has  been  no  basis  from  which  to  determine  whether 
with  metals  also,  the  pressure  at  the  elastic  limit  is  dependent  upon 
the  surface  curvature;  yet  this  problem  is  important  enough  in 
general,  and  more  especially  so  for  the  designer  of  ball  bearings.  Its 
solution  will  define  the  relation  of  the  permissible  load  to  the  curva- 
ture of  the  bodies  in  contact.  The  clearing  of  this  problem,  at  least 
for  hardened  cast  steel,  was  therefore  a  prime  consideration.  It  was 
also  to  be  considered  that  since  Equation  3  gives,  for  ball  on  disk, 

that 


with 


this  gives 


± 

0  and  2  ri=  d 

Po  = 

=  0.388!    i^ 
\  a'  d' 

1 

[3a] 


«  =  2T20;000('^>"™') 


p  =     (P 

2(P 

Sd' 

4(P 

5  (F 

10  d^ 

50  d} 

100  d^ 

Po  =  10,160 

12,810 

14,660 

16,140 

17,380 

21,900 

37,450 

47,180  kg.cm.' 
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12  As  a  matter  of  fact  this  equation  holds  good  only  so  long  as 
the  Umit  of  proportionality  of  the  bodies  is  not  exceeded  at  any  point. 
For  the  center  of  the  pressure  surface,  where  the  greatest  pressure 
exists,  the  chief  stresses  may  be  calculated  by  the  Hertz  method.  It 
is  only  the  largest  one,  normal  to  the  surface,  which  concerns  us  and 
which  amounts  to  0.52  of  the  stress  which  Po  alone  would  cause,  since 
the  existence  of  three  main  forces  Pq,  0.8  7>o  and  0.8  Pq{1-2  X  0.8  X 
0.3  )apo  =  0.52  apo. 

13  If  the  elongation  be  accepted  as  a  measure  of  the  stress  the 
material  is  subjected  to,  the  limit  of  proportionality  is  in  this  case 
reached  with  a  pressure  which  is 

times  as  great  as  that  found  by  compression  tests  on  a  prismatic 
object. 

14  It  is  assumed,  of  course,  that  the  availability  of  Equation  3  for 
the  proportionality  is  confirmed  by  experience.  Two  compression  tests 
made  with  ball  steel  cylinders  hardened  in  water,  gave  a  limit  of  pro- 
portionality of  9000  kg,  per  1  cm,^ 

15  For  a  ball  and  disk  of  hardened  ball  steel,  Equation  3  gives  the 
load  at  the  beginning  of  the  limit  of  proportionality  in  round  figures 
P=5  (P. 

16  It  is  not  to  be  expected  that  these  relations  hold  also  for  greater 
loads.  If  one  were,  however,  to  take  the  permissible  loads  in  ball 
bearings  low  enough  not  to  exceed  the  elastic  limit,  that  would  be 
tantamount  to  giving  up  the  use  of  ball  bearings  for  heavy  loads. 
This  gave  as  a  further  problem  the  determination  of  the  deformations 
under  higher  loads  for  which  the  third  assumption  of  the  Hertz 
equation  does  not  hold,  and  to  measure  the  elastic  compression 
as  well  as  the  permanent  set. 

EXPERIMENTS   ON   THE  COMPRESSION  OF  HARDENED  STEEL  BALLS  AND 

DISKS 

17  As  previously  mentioned,  for  the  few  experiments  that  were 
made  to  prove  the  Hertzian  equations,  the  diameters  of  the  compres- 
sion surfaces  were  measured.  This  proceeding  is  not  applicable  to 
the  present  investigation,  as  it  does  not  give  any  information  on  the 
permanent  deformation.  Aside  from  this  it  was,  however,  not 
practicable  after  each  of  the  many  loadings  to  separate  the  test  pieces 
for  a  microscopic  examination  of  the  pressure  surfaces.  The  difficulty 
was  increased  by  the  need  of  measuring  the  elastic  recovery,  which  is 
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very  much  in  evidence  with  hardened  steel.  For  these  reasons  the 
compressions  of  the  test  pieces  were  measured;  Hertz's  Equation 
1  is  appUcable  to  these. 

18  In  accordance  with  their  object,  the  experiments  were  made  on 
hardened  cast  steel.  This  material  is  peculiar!}'  suitable  to  prove 
Hertz's  equation  since  its  limit  of  proportionality  is  high,  so  that  rela- 
tively heavy  loads  may  be  employed. 


FIG.   1      COMPRESSION   MEASURING  DEVICE 


19  On  the  other  hand,  many  difficulties  were  to  be  expected  in 
the  determination  of  the  compressions  beyond  the  elastic  limit.  The 
compression  is  in  a  large  measure  dependent  upon  the  hardness  of  the 
test-piece,  and  the  necessarily  large  number  of  test  pieces  would 
scarcely  be^  uniformly  hard.  To  get  good  average  results,  each 
test  series  would  have  to  be  oft  repeated  with  new  specimens.  Hap- 
pily, the  balls  furnished  by  the  German  Small  Arms  and  Ammunition 


BALL   BEARINGS 


425 


Factories  varied  but  slightly  in  hardness,  so  that  no  inequaUties  of 
moment  were  found  in  compihng  the  results. 

20  Hertz's  second  assumption  that  "there  must  be  no  forces 
except  such  as  act  normally  upon  the  surfaces  in  contact, "  is  not  com- 
pUed  with  by  the  older  procedure  of  pressing  a  ball  against  a  flat  plate, 
jjince,  with  the  exception  of  those  at  the  center,  the  surface  elements  in 
contact  are  subject  to  different  stresses  and,  therefore,  tend  to  glide 
over  one  another,  which  they  could  do  only  by  overcoming  friction. 
But  this  second  condition  is  fulfilled  when  balls  of  similar  material 
and  size  are  pressed  together.     This  condition  was,  therefore,  investi- 


FIG.  2     DEVICE  FOR  MEASURING   DEFORMATION 

gated  first.  Later  on  balls  were  also  pressed  against  flat  plates.  This 
gave  two  groups  of  test  results,  each  of  which  could  serve  for  the 
determination  of  the  dependence  of  the  load  at  the  elastic  limit  upon 
the  ball  diameter, 

21  The  compression  of  the  test  pieces  was  measured  with  a  mirror 
apparatus  as  designed  by  Martens.  For  the  first  group  of  experiments 
three  balls  were  set  one  on  the  other.  The  knife  edges  of  the  measur- 
ing bars  were  attached  at  the  half  height  of  one  outer  ball  and  the 
knife  edges  of  the  mirrors  were  similarly  attached  to  the  other  outer 
ball  as  shown  in  Fig.  1. 
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22  The  measured  distance,  therefore, included  two  pairs  of  com- 
pression surfaces,  so  that  the  compression  of  two  test  bodies  was 
measured.  Tliis  permitted  the  determination  of  smaller  impressions 
than  with  a  single  arrangement,  which  was  particularly  important  for 
the  very  small  permanent  sets;  this  further  permitted  the  reduction 
of  the  test  series  in  that  the  measured  values  themselves  corresponded 
to  the  average  for  two  test  pieces.  The  handling  of  the  larger 
measuring  bars  was  also  much  easier  than  that  of  the  shorter  ones  for 
the  single  arrangement. 

23  Dr.  Amsler,  with  whom  I  talked  about  my  intention  to  super- 
pose these  balls  for  measurement  of  the  deformation,  and  who  was, 
therefore,  induced  to  take  the  matter  up,  after  some  time  supplied  me 
with  an  appliance  substantially  as  shown  by  Fig.  2. 


FIG.  3 
GUIDES  FOR  ALIGNMENT  OF  BALLS 


24  The  two  outer  balls  were  located  in  this  holder  by  small  conical 
depressions.  The  center  ball  was  aligned  with  the  outer  ones  by 
means  of  one  straight  and  one  angular  guide,  Fig.  3.  Amsler  pro- 
vided a  pair  of  pliers  with  similarly  formed  jaws  for  the  simultaneous 
insertion  of  these  balls,  which  was  useful  with   small  balls. 

25  To  secure  a  firm  attachment  of  the  knife  edges  to  the  outer 
balls,  small  tubes  of  brass  were  cemented  to  the  latter  against  which 
the  knife  edges  were  set.  Double  readings  were  taken,  one  on  each 
side  of  the  balls, 

26  In  the  tests  of  balls  on  plates,  a  cylindrically  turned  disk  was  set 
between  the  two  balls  as  shown  by  Fig.  4.  Its  thickness  was  equal  to 
or  greater  than  a  ball  radius.  These  disks  were  of  the  same  material 
and  were  hardened  in  the  same  way  as  the  balls, 

27  Deformations  were  magnified  500  times,  and  the  observed 
compression  therefor  corresponded  to  the  average  compression  of  one 
test  piece  pair  under  a  magnification  of  one  thousand.  The  appa- 
ratus  described  was  used  in  a  5-ton  Amsler  testing  machine. 
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28  The  test  pieces  were  ahernately  loaded  and  released.  This 
was  repeated  for  each  load  value  until  the  compression  was  constant. 
At  first  the  load  on  the  upper  piston  of  the  ball  holder  was  taken  off 
completely  so  that  the  only  weight  on  the  balls  was  that  of  this  piston. 
It  was  found,  with  the   smaller  loads  under  which  permanent  com- 


FIG.  4 
TESTING  BALLS  IN  CONTACT  WITH  FLAT  SURFACES 

pressions  could  not  be  definitely  proved  that  the  test  values  were  in 
almost  absolute  accord  with  those  found  by  calculation, 

29  Since  such  complete  release  of  the  load  readily  caused  disturb- 
ances, the  lower  load  limit  was,  in  view  of  the  experience  just  cited, 
taken  higher,  generally  20  or  50  kg.  The  compression  due  to  this 
load  is  determined  by  Equation  1. 

30  The  tests  were  carried  out  on  balls  ranging  from  f  to  f 
English  inches.     The  results  are  given  in  Table  1  and  2. 
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T    RLE  1 
S  Balls  of  i  Inch  in  Line 

By  equation  1     -  =  0 .  00012025  Y  fi 

Compression  in  hundredths  of  a  millimeter 


Pin  kg.    = 

50 

100 

200 

300 

400 

500 

600 

700 

800 

by  equat'n  1 

3.26 

5.18 

8.22 

10.78 

13.06 

15.15 

17.11 

18.96 

20.73 

JTotal  •<  observed  . .  . 

3.32 

5.41 

9.17 

11.82 

14.62 

17.31 

19.71 

22.21 

24.54 

averaged  . . . 

3.32 

5.42 

8.87 

11.90 

14.66 

17.31:   19.84 

22.30 

24.65 

See  Fig.  6  ahd  7 

\  averaged  . . . 

0.06 

0.27 

0.95 

3.01 

5.30 

7.80 

0.07 

0.27 

0.90 

1.74 

2.74 

3.85      5.06 

6.38 

7.80 

3  Balls  op  J  Inch  in  Line 
By  equation  1  —  =  0.0001092  y P'^ 


Pinkg.= 

100 

200 

300 

400 

500 

600 

700 

800 

'by  equation.. 

4.71 

7.47 

9.79 

11.86 

13.76 

15.54 

17.23 

18.83 

oTotal 

observed 

4.83 

7.81 

10.33 

12.83 

14.98 

17.33 

19.14 

21.14 

averaged . .   . . 

4.85  1  7.85 

10.49 

12.88 

15.10 

17.25 

19.28 

21.21 

JfcSet 

r  observed .... 

0.18     0.51 

1.34 

1.72 

3.09 

4.68 

\  averaged 

0.18     0.56 

1.10 

1.72 

2.45 

3.26 

4.12 

5.06 

3  Balls  of  §  Inch  in  Line 

By  equation  1     ''  =  0.0001014  y  P^ 

Compression  in  hundredths  of  a  millimeter 


P  in  kg.  = 

50 

100 

200 

300 

400 

500        600        700 

800 

by  equation    . 

2.75 

4.37 

6.94 

9.09 

11.01 

12.78    14.43 

15.99 

17.48 

pTotal  I  observed    .... 

2.78 

4.44 

7.14 

9.45 

11.65 

13.62 

15.49 

17.42 

averaged    .... 

2.78 

4.43 

7.13 

9.51 

11.65 

13.63 

15.53 

17.35 

19.08 

,^    ^       f  observed 

\averaged    

0.05 
0.05 

0.11 
O.U 

0.39 
0.35 

0.66 
0.68 

1.01 
1.14 

1.51 
1.63 

2.17 
2.19 

2.81 
2.81 

3.45 

3  Balls  of  f  Inch  in  Line 
By  equation  1    "    =  0.0000954  ]  ^ 

Compression  in  hundredths  of  a  millimeter 


P  in  kg.  = 

100 

200 

300 

400 

500 

600 

700 

800 

f  by  equation    . 

(JTotal  -!  observed    

[ averaged    .... 

■s,  a  ,.    i  observed    

Ob  Set   <                 , 
L  averaged 

4.11 
4.11 
4.12 

6.53 
6.68 
6.62 
0.22 
0.22 

8.55 
8.86 
8.79 
0.50 
0.46 

10.36 

10.82 

10.76 

0.85 

0.78 

12.02 

12.59 

1.12 

13.58 

14.39 

14.31 

1.61 

1.52 

15.05 

16.00 

2.00 

16.45 

17.72 

17.58 

2.69 

2.48 
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3  Balls  op  l  Inch  in  Line 

By  equation  1   "   =0.0000907  y/p2=1814 

Compression  in  hundredths  of  a  millimeter 


Pinkg.= 

100 

200 

300 

400 

500 

600 

700 

800 

by  equation  . . 

3.91 

6.20 

8.13 

9.84 

11.42 

12.90 

14.30 

15.63 

5TotaI  <  observed 

3.93 

6.22 

8.19 

11.75 

14.96 

16.44 

averaged  

3.91 

6.22 

8.23 

10.09 

11.79 

13.38 

14.92 

16.38 

^6  Set  1  "^^^'^i 

[  averaged  

0.23 

0.64 

1.78 

0.15 

0.30 

0.65 

0.79 

1.10 

1.42 

1.80 

3  Balls  of  1  inch  in  Line 
By  equation  1   -=0.0000867],  p2=  1734 
Compression  in  hundredths  of  a  millimeter 


Pinkg.= 

100 

200 

300 

400 

600 

600 

700 

800 

by  equation.  . 

3.74 

5.39 

7.77 

9.42 

10.93 

12.34 

13.67 

14.95 

^otal  •1  observed 

3.74 

5.94 

7.86 

9.66 

12.67 

14.11 

15.50 

averaged 

3.74 

5.94 

7.84 

9.69 

11.21 

12.70 

14.13 

15.50 

8b  Set  {''^'''^''{-- 
{  averaged . 

0.12 

0.22 

0.39 

0.70 

1.28 

0.10 

0.21 

0.37 

0.55 

0.77 

1.00 

1.25 

3  Balls  of  IJ  Inch  in  Line 

lation  1    '^  =  0 .  0000834  j/  p2  = 

Compression  in  hundredths  of   a  milKmeter 


By  equation  1       =  0 .  0000834  j/  p2  =  1 668 


P  inkg.= 

100 

200 

300     1 

400 

500 

600 

700 

800 

f  by  equation  . 

3.59 

5.70 

7.47 

9.05 

10.50 

11.86 

13.14 

14.37 

5Total 

^   observed  .... 

3.60 

5.80 

7.51 

9.24 

10.74 

12.20 

13.45 

14.83 

[ averaged    .  .  . 

3.59 

5.70 

7.52 

9.20 

10.75 

12.18 

13.53 

14.83 

^6  Set 

J  observed 

0.06 

0.15 

0.22 

0.38 

0.90 

\  averaged  .... 

0.08 

0.15 

0.25 

0.37 

0.52 

0.70 

0.90 
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TABLE  2 
Flat  Disk  Between  Two  i  Inch  Balls 

d  — 

By  equation  1    ^=  0.0000954  ]/P» 

Compression  in  hundredths  of  a  millimeter 


Pinkg.=    50  I     100  I     200 

("Hertz ^2.59  4.11  6.53 

5Total  ■!  observed '2.64  j  4.15  6.62 

[averaged J2.60  4.14  6.67 

,            /obser\'ed 0.18  0.48 

Ob  oet   < 

1^  averaged 0.18  0.48 


300 


400        500 


600 


700        800 


8.55 

8.57 


0.88 
0.86 


10.36!   12.02 


10.54 

IO.82I 

1.29' 

1.33 


12.64 


13.58 

14.18 

14.32 

2.57 

2.48 


15.04 


15.91 


3.12 


16.45 

17.59 

17.44 

3.78 

3.81 


Flat  Disk  Between  Two  J  Inch  Balls 

y  

By  equation  1        =0.0000867  ^/P^ 
Compression  in  hundredths  of  a  millimeter 


Pinkg.=      SO 

r  Hertz 2.35 

jTotal  I  observed 2.37 

[  averaged 2 .  35 

■^■  o  *    /  observed | 

06  Set    <                 ,  ' 

[  averaged 


100        200 


300 


400        500    '    600    1    700 


800 


3.74 

5.92 

3.78 

6.04 

3.76 

6.07 

0.12 

0.31 

0.12 

0.33 

7.77 
8.04 
8.03 
0.63 
0.60 


9.42 
9.68 
9.80 
0.80 
0.89 


10.93 

11.40 

11.41 

1.20 

1.21 


12.34 

12.77 

12.98 

1.48 

1.6 


13.68 


14.45 


2.00: 


14.95 
15.60 
15.76 
2.26 
2.46 


Flat  Disk  Between  Two  f  Inch  Balls 
By  equation  1    f  =  0.0000805  f'P^ 
Compression  in  hundredths  of  a  millimeter 


P  in  kg. 


50 


100   200   300   400   500   600  '  700 


800 


[Hertz 2.19 

oTotal  <  observed 2 .  27 

[  averaged 2.19 

,    „        r  observed 

\  averaged 


3.47 
3.68 
3.50 


5.51      7.22 


5.70 
5.64 
0.18 
0.23 


7.47 
7.40 
0.39 
0.44 


8.74 

10.14 

9.03 

10.43 

9.04 

10.54 

0.62 

0.78 

0.64 

0.85 

11.45  12.69  ^•^■84 

11.78  13.01  1*31 

11.93  13.23  14.46 

1.08  1.16  1.44 

1.13  1.39  1.63 


Flat  Disk  Between  Two  I  Inch  Balls 
By  equation  1    -=0.0000720  ]'p2 

Compression  in  hundredths  of  a  millimeter 


P  in  kg.  =       100 

[Hertz 3.10 

5Total  \  obser\-ed 3.12 

[  averaged 3.11 

»   „  ^    f  observed 

tffeSet  i                J  ! 

(^  averaged 1 


200        300 


400 


600 


600 


700 


800 


4.92 

6.45 

7.81 

9.07 

10.24 

11.34 

12.40 

5.04 

6.63 

8.03 

9.44 

10.56 

12.90 

5.02 

6.59 

8.03 

9.40 

10.60 

11.75 

12.87 

0.09 

0.18 

0.41 

0.90 

0.10 

0.21 

0.34 

0.49 

0.61 

1     0.79 

0.95 
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Fi^AT  Disk  Between  Two  ;  Inch  Balls 


By  equation  1      =0.0000662  I  p2 
Compression  in  hundredths  of  a  millimeter 


P  in  kg.= 

100 

200 

300 

400 

500 

600 

700 

800 

[Hertz 

2.85 

4.53 

5.93 

7.19 

8.34 

9.42 

10.44 

11.41 

oTotal  •j  observed 

2.87 

4.55 

5.95 

7.29 

9.67 

11.71 

averaged  

2.85 

4.54 

5.98 

7.28 

8.48 

9.60 

10.65 

11.68 

.    .       /  observed 

0.07 

0.17 

0.24 

0.48 

0.67 

^  averaged  

0.12 

0.19 

0.29 

0.39 

0.50 

0.62 

31     For  each  ball  size  the  table  gives  the  compression  in  hun- 
dredths of  a  millimeter  under  various  loads. 
The  expressions  for 


at  the  head  of  each  table  are  derived  from  Equation  1  with 

1 


2,120,000 


It  forms  the  basis  of  the  first  line  of  compressions,  which  therefore  are 
applicable  only  under  the  conditions  of  this  equation.  Since  the 
limit  of  proportionality  is  exceeded  with  even  the  lowest  loads  cited,  a 
deviation  of  these  calculated  values  from  the  observed  ones  is  to  be 
expected,  increasing  with  the  loads. 

32  Below  these  are  given  in  the  tables  the  observed  and  the 
average  total  compressions  as  well  as  the  corresponding  permanent 
sets. 

33  The  elastic  modulus  was  determined  by  compressing  cylinders 
of  16  mm.  in  diam.  and  48  mm.  in  length.  The  measuring  length 
w^as  32  mm. 

34  As  the  available  data  concerning  the  influence  of  the  hardening 
process  on  the  material  under  test,  or  of  the  hardness  on  the  elastic 
modulus,  were  incomplete  and  insufficient,  the  tests  were  extended  to 
steel  cylinders  hardened  in  oil,  hardened  in  water,  and  unhardened. 
As  the  behavior  beyond  the  elastic  limit  also  merits  consideration  that 
also  was  observed  within  the  limitations  of  the  mirror  apparatus. 
The  elastic  recovery,  which  was  the  more  noticeal^le  the  farther  one 
was  from  the  limit  of  proportionality,  is  included,  notwithstanding 
the  extraordinary  labor  resulting  from  its  consideration. 
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35    The  observed  moduli  of  elasticity  were  found  to  be 

1 
for  the  unhardened  cylinder  a  =  of  07  000 

1 


for  the  oil  hardened  cylinder  a=  ^  1 90  n,r.n. 

1 

for  the  water  hardened  cylinder      <*  =  9  1 09  000 

36  The  difference  in  round  figures  between  the  lowest  and  highest 
values  is  5/4  per  cent.  Since,  with  the  short  length  measured,  errors 
of  observation  of  this  amount  are  not  impossible,  and  since  the  elastic 
modulus  for  the  oil  hardened  cylinder  was  found  to  be  almost  identical 
with  that  for  the  unhardened  one,  the  average  of  all  these  observations 
was  taken  as  the  probable  value  for  the  water  hardened  cylinder  as 
well.     This  is,  in  round  figures, 
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FIG. 6      BALL  STEEL  SUBMITTED  BY  THE  DEUTSCHE  WAFFEN  UND  MUNITIONS 

FABRIKEN,  BERLIN 
Compression  Tests  with  Cylinders  of  16  mm.  Diam.  48  mm.  Length.     Measured 

Distance,  32  mm. 
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38  Beyond  the  limit  of  proportionality  the  various  steel  cylinders 
act  very  differently.  See  Fig.  5.  While  with  the  unhardened  cyl- 
inder the  permanent  set  rapidly  increases,  and  while  a  limit  of  flow 
even  is  indicated,  and  with  the  oil  hardened  cylinder  the  compres- 


T^eJai/on  of  Loads  P  and  Cotrt^yess/o/js  fo/^ 
I-  Total  Compress/on  cT 
jr-Peftnanent  Compvess/on  ^ 


a<3/= 


so    too    /so    200  30O  400  600  600  700 

FIG.  G      COMPRESSION   FOR  DIFFERENT  LOADS 


800  J(:g. 


sion  curves  after  a  sharp  bend  trend  steeply  upward,  with  the  water 
hardened  cylinder  the  rise  is  slow. 

39     Since  the  compressions  for  two  test  pieces  were  measured  to- 
gether the  value  S  was  inserted  in  the  table.     The  compression  of  the 
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individual  test  piece  was  therefore  only  one-fourth  of  the  tabular 
value. 

40  The  difference  between  the  total  and  the  permanent  compres- 
sion gives  the  elastic  compression. 

41  The  total  compressions  are  greater  beyond  the  elastic  limit, 
but  the  elastic  compressions  are  smaller  than  the  values  calculated 
from  Equation  1.  It  is,  however,  readih'  seen,  that  even  after  the 
proportional  limit  is  considerably  exceeded,  the  differences  are  not 
material.     This  follows  clearly  from  Fig.  14. 

42  The  average  compressions  are  those  derived  by  plotting  as 
coordinates  those  values  of  d  and  8,  d  and  8y,,  as  well  as  P  and  d  and 
P  ^j,,  respectively,  that  belong  together,  as  is  shown  graphically  by 
Fig.  6  to  8  and  10  to  12. 

43  This  averaging  may  be  more  completely  carried  through 
mathematically,  but  the  greater  complication  and  lesser  oversight  of 
this  method  is  not  sufficiently  compensated  for. 

44  In  the  experiments  with  these  superposed  balls,  the  average 
compressions  really  vary  but  slightly  from  the  observed.  The  differ- 
ences are  particularly  small  with  the  total  compressions,  though  rather 
greater  with  the  permanent  sets.  Where  the  observed  values  are 
generally  greater  than  the  averaged  ones,  it  is  fair  to  assume  that 
the  balls  are  somewhat  softer  than  the  average  and  that  they  are 
rather  harder  when  the  observed  values  remain  under  the  average 
ones.  Errors  arise  chiefly  from  the  balls  not  only  approaching,  but 
also  rolling  off  of  one  another.  This  occurs  when  the  outer  balls  do 
not  seat  themselves  fairly  in  their  seats  in  the  pistons,  possibly 
because  the  centers  of  the  three  balls  do  not  lie  in  the  same  straight 
line,  so  that  the  load  does  not  act  through  the  centers  of  the  circular 
contact  surfaces.  It  is  not  always  easy  to  avoid  these  sources  of 
error;  the  difficulties  increase  with  the  size  of  the  balls.  Disturbances 
may  also  be  due  to  the  pressure  piston  turning  slightly  as  it  is  loaded 
or  unloaded. 

45  The  differences  between  the  observed  and  the  averaged  com- 
pressions are  greater  for  ball  and  disk,  this  applying  more  particularly 
to  the  permanent  deformations.  The  difficulties  of  the  test  were 
greatly  increased  by  differences  in  the  hardness  of  the  disks  and 
because  the  suitability  of  the  disks  could  be  determined  only  in  the 
course  of  the  test.  Most  of  the  disks  were  too  soft,  while  a  few  were 
too  hard. 
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THE    LOAD    AT    THE    ELASTIC    LIMIT   AND    ITS    RELATION    TO    THE    BALL 

DIAMETER 

46  In  Fig.  6  and  10  the  curves  relating  to  the  permanent  set  touch 
the  axis  of  the  abscissae  near  the  origin.  In  reaUty  neither  these 
points  of  contact,  nor  yet  the  trend  of  the  curves  in  their  neighbor- 
hood, can  be  determined  with  certainty.  Therefore  the  loads  at  the 
elastic  limit  cannot  be  deduced  from  these  tests;  nevertheless  their 
dependence  upon  the  ball  diameters  may  be  determined  by  a  course 
of  reasoning  as  follows :  If  surface  stresses  or  other  not  yet  known 
causes  produce  changes  in  the  elastic  limit  such  that  the  compressions 
at  the  elastic  limit  are  dependent  upon  the  curvature  of  the  test 
piece — as  Auerbach  found  for  the  brittle  test  pieces  he  examined— 
then  these  subsidiary  phenomena  cannot  cease  suddenly  when  the 
elastic  limit  is  reached.  Even  with  the  cylindrical  test  piece  the 
elastic  limit  is  not  a  sharply  defined  characteristic  point  in  the  com- 
pression, still  less  is  it  so  for  two  balls  in  contact. 

47  Its  advent  does  not  make  itself  visibly  manifest,  since  at  first 
only  a  single  element  of  the  test  piece  is  involved;  only  by  raising  the 
load  is  success  had  in  stressing  other  elements  to  the  elastic  limit 
accompanied  by  a  simultaneous  increase  of  the  pressure  surface  so 
that  newsurf  ace  elements  are  placed  under  elastic  strain.  Subsidiary 
influences  will,  therefore,  in  so  far  as  they  exist  at  all,  certainly  extend 
beyond  the  elastic  limit.  Auerbach  reports  also  on  experiments  with 
plastic  bodies  in  which  the  greatest  attainable  pressure  also  shows  its 
dependence  upon  the  curvature,  generally  accompanied  by  consider- 
able permanent  compression.  For  these  greatest  pressures  Auerbach 
found  the  same  dependence  upon  the  curvature  of  the  object  that  he 
gives  for  the  elastic  limit  of  brittle  bodies. 

48  The  test  method  employed  and  about  to  be  described  is  based 
on  these  general  considerations  and  experiences. 

The  elastic  limit  is  defined  by  the  permanent  deformation  amount- 
ing to  a  small  part  J,  of  the  total  deformation,  such  part  differing  but 
slightly  from  zero;  If  5^  and  d'  are  the  deformations  at  the  elastic 
limit,  then 

d 


or,  inserting  the  ball  diameter  d 


d  '   d 


''  =  A 
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49  This  expression  we  apply  to  small  but  sufficiently  accurately 
measurable  permanent  deformations  5^  which  belong  to  the  total 

deformations  d  while  examining  into  the  conditions  under  which  — '  as 

d 

well  as  ,  are  constant.     We  shall  assume  that  for  t  =  constant  there 
a  d 

exists  the  relation  P  =  k  (P,  k  being  the  constant.     Logically  the 

same  loads  apply  to  d  and  df^.     The  total  deformations  8  must  therefore 

also  be  caused  by  loads  P  =  k  d^.     This  condition,  by  Equation  1, 

d 
results  in  -  =  constant,  which  would  be   exactly  true  only  at  the 

limit  of  proportionality.     For 

P  =kd^ 
therefore  also 

-  =  constant. 

o 

50  But  we  know  that  in  the  absence  of  surface  stresses  and  other 
subsidiary  influences  it  must  be  that 

P  =k'  d" 

at  the  elastic  limit.     Since  the  expression 

P  =kd? 

for  which  there  would  exist  a  deformation  relation  similar  to  that 
for  the  elastic  Hmit,  differs  only  in  the  constant  factor,  it  may  be  de- 
duced that,  should  our  assumption  hold  true,  surface  strains  do  not 
exist  with  the  introduction  of  the  load  and  therefore  do  not  exist  at 
the  elastic  limit.  We  should  then  be  justified  in  assuming  as  a  fact 
that  at  the  elastic  limit  P  =  k'  d^  and  that  the  deformations  for  vari- 
ous ball  diameters  are  the  same. 

51  The  series  of  curves  of  Fig.  8  and  12  are  suitable  for  this 
investigation.  We  shall  first  extend  them  to  the  contact  of  balls 
of  the  same  size,  as  in  Fig.  8,  and  select 

-}  =  0.00025 
d 

so  that  the  permanent  compression  of  one  ball  is 

-  =  0.0000625  d 

52  In  order  to  get  the  loads  which  for  various  ball  diameters  cause 
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the  permanent  sets  5^  =  0.00025  d  we  draw  a  diagonal       =  0.00025 

through  the  curves  of  Fig.  8.  The  abscissa  of  each  intersection  gives 
us  a  diameter.  The  corresponding  load  is  noted  at  the  curve  inter- 
sected. If  now  the  squares  of  these  diameters  and  the  curves  corre- 
sponding to  them  are  plotted  as  coordinates  and  the  points  connected, 
a  fairly  straight  line  passing  through  the  origin  is  given,  as  in  Fig.  9. 
For  since 

,    =  0.00025 


it  is  true  that 


P  =k(P 


Tfe/aTion  Of  BaJ/ D'lmeTer  and  Perrr>anent  Compress/on  (/  /or 


(f,:ct=0.0002S 


FIG.  8     PERMANENT  COMPRESSION   FOR  DIFFERENT  DIAMETERS 

53     Citing  the  numerical  value  found  we  get  from  Fig.  8 


for  Pin  kg.      = 

200 

300 

400 

500 

600 

700 

d  in  inches  = 

0.600 

0.740 

0.869 

0.966 

1.051 

1.125 

P 

therefore    -z  = 
a? 

556 

547 

530 

536 

545 

553 

54     Fig.  9  also  gives  the  results  of  the  investigation  for  some  larger 

0,,  0^ 

values  of  —,.     We  see  that  the  smaller    , ,  the  less  the  curves  deviate 
a  a 

from  diagonals  starting  from  the  origin,  that  is  to  sa}^,  the  nearer  we 

get  to  the  elastic  limit. 
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55     The  investigation  of  ball  and  disk  gives  the  same  result,  as  is 
shown  in  Fig.  13.     We  have,  for  instance, 

-~  =  0.000125 
a 

for  which  the  permanent  compression  of  one  test  object  is  0.000031  d, 
and  the  corresponding  values  are 


Pin  kg.               =  200 

300 

400 

500 

600 

and  d  in  inches  =   0 . 644 

0.787 

0.912 

1.019 

1.112 

so  that 
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FIG.  9 
DIAGRAM   DEVELOPED   FROM   FIG.   8 

56  It  is  therefore  proved  that  for  balls  of  the  hardened  steels  em- 
ployed in  these  investigations,  at  the  elastic  limit,  the  loads  are  propor- 
tional to  the  squares  of  the  diameters  and  that  therefore  the  deformations 
are  equal  for  all  hall  diameters.     (Translator's  Note:  Since,  see  Table, 

compression  --  is  constant.) 
d^ 


THE    EQUATION    FOR   THE    PERMISSIBLE    LOAD 

57  From  what  has  been  said  important  conclusions  may  be  drawn 
concerning  the  permissible  load.  Although  other  points  of  view 
which  remain  to  be  considered  may  be  of  influence,  there  are  to  b 
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FIG.    10     COMPRESSION   FOR  DIFFERENT  LOADS 
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taken  into  account  chiefl}^  the  greatest  stress  on  the  bodies,  the  pres- 
sure at  the  compression  surfaces  and  the  stress  ratio  d^^:  d.  We 
have  been  informed  concerning  the  dependence  of  these  values  upon 
the  load  at  the  elastic  limit  as  well  as  beyond  that.  Since  these 
values,  sometimes  one  sometimes  another  of  which  may  determine  the 
permissible  load,  are  equal  for  various  ball  diameters  so  long  as   a 

7fe/aTion  Of  Ba/(  D/ameJer    d  and     Ibtctf  Cbntpression  cT  fof 
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selection  is  made  which  gives  -7.  =  constant,  for  all  these  cases 

a- 

P  =kd?  [4] 

may  be  used  as  a  basis  for  calculations  and  P  be  taken  as  the  permis- 
sible load;  k  is  then  the  permissible  load  for  a  unit  diameter  or  the 
permissible  specific  load. 

58     It  is  desirable  to  prove  this  relation,  which  has  been  derived 
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from  the  occurrences  under  static  load,  by  actual  experience  with  ball 
bearings.  In  any  event  such  experiments  had  to  be  made  in  order  to 
get  data  for  k  and  the  friction  values.  Chapter  6  reports  such  investi- 
gations.    Attention  is  here  merely  drawn  to  the  fact  t  hat  they  confirm 

P 

the  relation  —  =  constant, 

59     From  the  results  of  the  compression  tests  with  balls  and  disk 
deductions  may  be  drawn  giving  the  amount  of  the  permanent  com- 

P 

pression  df^  for  various  values  of  „.  Before  taking  up  the  investiga- 
tion of  ball  bearings,  it  appeared  advisable  to  represent  this  relation 
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FIG.   12     PERMANENT  COMPRESSION   FOR  DIFFERENT  DIAMETERS 

graphically,  since  that  might  give  data  for  the  permissible  specific 
loads  k. 

60  After  the  curve  series  of  Fig.  12  had  aided  in  deciding  that 

there  corresponds  to  a  definite,  but  small  value  of  ,  also  a  definite 
value  of  '  it  became  easy  to  determine,  with  the  aid  of  the  same 
series  of  curves,  that  particular  value    ,  belonging  to  any  value  of  ^. 

61  In  the  following  table  k  is  the  permissible  load  in  kg.  for  a 
diameter  of  ^inch  English.     In  the  equation  P=kd~  the  unit  for  d  is 
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therefore  |  inch.  The  selection  of  this  value  as  unity  is  justified 
because  balls  are  manufactured  to  the  English  system  of  measure- 
ment while  the  formula  may  be  readily  transformed  into  cm.  since,  for 

dincm.A==(^-^gJ=9.92 

or,  in  round  figures,  k  is  ten  times  as  great  as  for  eighths  of  an  inch. 
k  in  kg.  per 


J  inch  =4  5  7.5  10  15  20 

d 


-   .1000       =         0.047         0.067  0.125         0.204         0.374         0.555 


-     .1000       =         2.24  2.61  3.41  4.14  5.50  6.65 

d 

8b  0.021    0.026    0.037    0.049    0.068    0.083 

T 

62  This  influence  of  k  on  the  deformation  is  more  clearly  grasped 
from  the  graphic  representation  of  Fig.  15.     Note  particularly  the 

curve  k,  ^.    With  the  aid  of  curves  k,  —  and  k,   ''  this  curve  may,  with 
a  ad 

fair  certainty,  be  determined  almost  to  the  origin.     Since  this  curve 

comes  in  contact  with  the  axis  of  the  abscissae  the  permanent  sets  at 

first  increase  but  slowly.     With  k  =2,3f^  is  approximately  0.000015c?, 

and  for  each  pressure  point  one-fourth  of  this.     For  instance,  for  d 

=  20  mm.  0.00008  mm.     With  k  =  4  the  compression  is  already 

three  times  and  with  k  =  6,  it  is  six  times  as  large;  with  k  =  10  the 

curve  has  almost  reached  its  greatest  inclination  to  the  axis  of  the 

abscissae.     Though  this  trend  of  the  curve  does  not  admit  of  definite 

conclusions,  it  may  yet  lead  others,  as  it  has  me,  to  suppose  that  for 

a  ball  or  disk  or  similar  conditions  fc  would  lie  between  2  and  6,  and  that 

10  might  be  too  high.     One  would  have  to  conclude,  not  that  the 

resultant  change  from  sphericity  would  increase  the  resistance  to 

motion,  but  rather  that  this  extraordinary  stressing  of  the  material 

would  sooner  or  later  damage  the  parts  and  more  particularly  the 

••aces. 

63  Should  the  experiment  with  ball  bearings  actually  lead  to  k 
smaller  than  6,  that  would  indicate  the  advisabilit}^  at  least  for 
heavy  loads,  of  so  shaping  the  races  that  they  present  a  larger  sup- 
porting surface  to  the  balls.  For  this  reason  f  inch  balls  were  also 
pressed  against  grooved  cylinders,  as  at  the  right  in  Fig.  14,  whose 
groove  radius  of  curvature  was  §  of  the  ball  diameter.  For  equal 
loads  and  compressions  within  the  limit  of  proportionality  we  calcu- 
ate,  according  to  Hertz,  the  load  for  disk  and  ball  is  to  that  for  cyl- 
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inder  and  ball  as  1:  3.56.     The  ratio  of  the  deformations  approxi- 
mates as  1 :  5/3. 

64  Bej'ond  the  limit  of  proportionality  and  within  the  region  of 
permissible  loads  the  difference  in  favor  of  the  grooved  cylinder  and 
ball  is  rather  smaller.  A  load  3.56  times  as  great  would  for  grooved 
cylinder  and  ball  give  rather  greater  deformation  and,  more  particu- 
larly, greater  sets,  than  for  balls  on  flat  disks,  as  will  be  seen  by  com- 
paring Fig.  14. 

65  Nevertheless  it  is  to  be  expected  that  the  permissible  load  for 
hollow  cylinder  and  ball  is  materially  greater  than  for  ball  and  plane 
disk.  Conclusive  data  are  also  to  be  expected  only  from  experiments 
with  ball  bearings,  since  balls  and  races  are  subject  to  further  influ- 
ences that  come  in  with  relative  motion. 


TABLE  3 

Compression   in  Hundredths  of  a  Millimeter  for  a  Grooved  Ctlinder  Between  Two 
Balls  op  |  inch  Diameter 


According  to  Hertz 


0.000057  ]   P2 


Pmkg.= 

50 

100 

200 

300 

400 

500 

600 

700 

,     r  Hertz 

\  observed 

dj,     observed 

1.55 

1.59 

1  0.01 

2  46 
2.56 
0.06 

3.90 
4.11 
0.13 

5.11 
5.39 
0.18 

6.19 
6.51 
0.26 

7.18 

8.11 
8.48 
0.40 

1     9.82 

1   10.21 

0.57 

The  Frictional  Work  of  Ball  Bearings 
the  movements  and  the  equation   for   the  frictional  w'ork 


66  Assume  that  a  ball  moves  between  the  surfaces  of  rotation  of 
two  ball  races,  of  which  each  may  present  to  the  ball  two  supporting 
surfaces  A^  A^  and  B^  B2,  but  otherwise  have  any  desired  shape. 
See  Fig.  16.  The  race  A^  A^  is  to  revolve  around  its  axis  with  refer- 
ence to  race  B^  B^  at  an  angular  velocity  oj.  The  center  A  of 
distance  A^,  A^  is  distant  from  the  axis  rotation  b}'  7?.  R  is  the  mean 
radius  of  the  rotation  surface  A^  A,.  The  velocity  of  point  A  is 
therefore  Tto). 

67  The  speeds  which  determine  the  frictional  work  are  here  to  be 
chiefly  considered.  There  must  be  taken  into  account  the  move- 
ments of  the  balls  with  relation  to  the  race  surfaces  B^  B^  and  A^  A^. 
The  one  has  rotation  around  the  instantaneous  axis  B^  B2  the  other, 
rotation  around  A^  A^  as  an  instantaneous  axis.  Let  the  angular 
velocities  of  these  rotations  be  a»j,  and  w^. 
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68  If  there  is  to  be  no  sliding  at  the  centers  of  the  supporting  sur- 
faces, then  the  three  axes  of  rotation  W  W,  A^  A^,  and  B^  B^  must 
either  meet  in  one  point  or  be  parallel. 

69  The  ball  center  is  distant  from  B^  B^  by  h  and  point  A  by  e. 
Let  0)^  be  the  angular  velocity  with  which  the  ball  center  rotates  in  a 
circle  of  radius  /?„  around  the  axis  W  W  then 


and  also 


so  that 


^6  = 

R 

(li 
e 

^6  = 

t- 

^o  = 

R   h 

— -           OJ 

'  yw/"  certain    ya/ues    of  ^  fo 

[5] 


T'-SOo'lt 


FIG.    13       DIAGRAM  DEVELOPED   FROM   FIG.    12 


C/ii 


70  The  expression  for  u)^  is  readily  found  if  race  A^A^\>^  consid- 
ered stationary  with  the  ball  center  rotating  around  axis  W  W  with 
the  angular  velocity  oj^  —  oj.     This  is  true  since  we  have 


R. 


and  also 


a 


a 
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71  The  minus  sh^n  indicates  that  this  rotation  and  the  rotation  of 
race  Ai  A^  are  opposed. 

Replacing  w^  by  its  equation  as  found  gives 

72  A  good  conception  of  the  velocity  ratio  is  gained  from  the 
velocity  parallelograms,  by  whose  aid  w^  and  w^  may  also  be  rapidly 
determined.  These  parallelograms  are  given  in  Fig.  16.  They  also 
give  the  angular  velocity  oj^  of  rotation  around  axis  M  C. 

73  Concurrently  with  the  angular  velocities  the  friction  moments 
exist  as  factors  of  the  frictional  work. 

74  The  axesof  rotation  A^A^,  ^i-Sa  pass  through  the  centers  of  the 
surfaces  of  rotation.  All  elements  in  the  pressure  surfaces  of  the  ball 
have  elementary  rotation  around  these  axes.  To  make  this  clear  let 
us  consider  the  occurrences  at  one  pressure  surface. 

75  Let  the  axes  of  rotation  form  angles  with  the  plane  tangent  to 
the  center  of  the  pressure  surface  as  shown  in  Fig.  17;  conceive  the  rota- 
tion divided  into  two  elementary  rotations,  the  one  moving  around 
an  axis  normal  to  the  pressure  surface  and  therefore  at  an  angular 
velocity  w^  sin  4>,  and  the  other  around  an  axis  lying  in  the  contact 
surface  and  therefore  at  an  angular  velocity  coi^  cos  <j). 

a  It  is  a  fundamental  condition  for  rotation  around  the  normal 
axis  with  velocity  w^  sin  4>  that  the  elements  in  the  pres- 
sure surface  of  ball  and  race  slide  on  one  another.  The 
resultant  friction  may  be  considered  as  step  friction. 
For  its  calculation  the  dimensions  of  the  pressure  area, 
which  by  the  way  is  an  ellipse,  would  have  to  be  deter- 
mined by  Hertz's  investigations  and  it  be  considered 
that,  according  to  Hertz,  the  deformations  increase  from 
the  edge  toward  the  center,  as  do  the  ordinates  of  an 
ellipsoid  erected  over  the  pressure  area  ellipse. 

h  Rotation  around  the  axis  in  the  contact  plane,  whose  angular 
velocity  is  oji^cos  4>  is  opposed  by  a  resistance  which  may 
be  called  the  rolling  friction  of  the  ball,  but  which  also 
is  not  free  of  sliding  friction. 

76  Let  B  be  the  thrust  load  and  let  us  express  the  moment  of  the 
step  friction  as 

fi  B  X 
with  ju  the  mean  friction  coefficient,  x  the  mean  friction  radius,  then 
the  frictional  work  due  to  the  ball  rotating  around  an  axis  normal  to 
the  pressure  surface  with  an  angular  velocit}'  oj^  sin  (j>  is 

IJi  B  X  oj^  sin  4> 
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300  400 

Loads  P 


<ioo  kg. 


FIG.  14    RELATION  OF  COMPRESSION  AND   LOAD  FOR  THE  THREE  TESiS 

^  

1  3  balls  s"  diam.  in  line.     Compression  according  to  Hert    -=  0.0001014  j/P* 

5  

2  2  balls  i'  diam.  and  flat  disk.    Compression  at  cording  to  Hertz       =  0.000057  j/P* 

3  2  balls  i'  diam.  and  grooved  cylinder.     Compression  according  to  Hertz        ■=  0.000067 

ypTT 
Modulus  of  elasticity  = 


2,120,000 
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77  Further  let  B  }  he  the  moment  of  rolUng  friction  so  that  /  is 
the  coefficient  of  roHing  friction.  The  corresponding  angular  velocity 
of  rotation  is  w^  cos  4>  and  therefore  the  frictional  work  for  one  pressure 
surface 

fi  B  X  Wf^  sin  (j)  +  B  f  cof^  cos.  ^  =  B  {^i  x  sin  4>  +  f  cos  (j>)  w^ 

78  If  there  are  four  pressure  surfaces  and  the  corresponding  loads 
A,  A 2.  -^1  -^2  ^r^d  <^  and  /?  the  acute  angles  included  between  the  axis 

00007, 0/4 

O.  OOOt,  £i 


0.000s 


00004 


0.000s 


0.000  ( 


0.003 


0.001 


2  4  6  8  /a  /Z  /4-  J6  JS         SO 

A  in   kg.  per  e/ghth  /nch  E'ngJ/sh. 

FIG.  15     RELATION  OF   DEFORMATION  AND  UNIT  DIAMETERS 

of  rotation  and  the  pressure  surface,  then  the  frictional  work  for 
the  four  pressure  surfaces  is 

^1    (^1    ^1     S*^  <^   +   /l    cos   Oi)   w^ 

Ai  (//j  X2   sin  a  +  /g   cos  oc)  co^ 

Bi  (///  x\  sin  13  +  f\  cos  (3)  co^ 

B2  W  x'2  s^'^  /5  +  /'a  COS  /?)  Wb 
Their  siim  gives  the  total  frictional  work  A  p. 
As  a  rule  it  W'Ould  be  permissible  to  say: 

/'i  =  -^2  =  /< ;  -"'i  =  -"'2  =  /'' 

/i  =  /2-=/;A  =/'2  =/' 

so  that 

Aj.  =  [(Aj  .Ti   +  A2  xj  /«  sin  a  +  (Aj  +  A2)  /  cos  a]  co^ 

+  [(B^  x\  +  B2  x\)  /  sin  .9  +  (5i  +  B^)  f  cos  -9]  0^,,     [7] 
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79  The  long  continued  experiments  with  ball  bearings  which  have 
been  carried  nut  in  the  Central  J.aboratory  give  information  for  the 
value  of  /(  X  and  /.  For  the  determination  of  the  rolling  friction  / 
those  bearings  are  particularly  suitable  for  which  a  and  /?  =  0,  so 
that  the  step  friction  disappears. 

80  In  this  case  also 


and  therefore 


A,  +  A,=B,  +  B,  =  S 
A^  =  Sfoj^  +  *5/'w,j 


[8] 


FIG.   16 

/  and  /'  will  not  be  equal,  since  the  ball  makes  contact  with  one  race 
at  the  inner  and  with  the  other  at  the  outer  running  surface.  Never- 
theless it  is,  for  practical  reasons,  advisable  to  use 

A,  =  Sf  (co^  +  a>b)  [8a] 

and  to  consider  /  the  mean  coefficient  of  rolling  friction.     Since  further 


a  =h 


first  that 


and  e  =  d,\t  follows 


2    ^O    /  N 

a 

2  E 
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and  therefore  that 


BALL    BEARINGS 


A,=  SI^-f-'a,  =  Sl'^^'a, 


[9] 


81  It  is  to  be  especially  noted  that  the  f  rictional  work  increases  with 
the  ratio  ^ .     To  have  it  as  low  as  possible  the  balls  must  rotate 

around  the  smallest  circle. 

82  If  there  is  room  for  z  balls  in  the  race  and  if  z  is  sufficiently  large 
so  that  approximately 

TT  Dq  =  z  d 
and  therefore 

d       n 


FIG.  17 

then  it  may  be  said,  for  the  case  of  the  balls  having  only  rolling  motion 
that  the  frictional  work  is  smaller  the  fewer  halls  there  are  in  a  race. 

83  It  may  therefore  prove  advisable  to  start  with  the  number  of 
balls  belonging  to  a  pair  of  races 

84  The  above  values  apply  to  one  ball  only.  The  total  friction  of 
a  bearing  is  the  sum  of  the  frictional  w^ork  found  for  the  individual 
balls.  Since  (o^  and  lo^  and  a  and  /?  have  equal  values  for  all  balls, 
the  rolling  friction  is  calculated  from  the  expression  given  for  the 
individual  ball,  by  inserting  the  sum  of  the  loads  of  all  balls  for  S. 
The  rolling  friction  coefficient  /  is  then  to  be  taken  as  that  for  the  bear- 
ing as  a  whole  and  not  that  of  the  individual  ball.  On  the  other  hand, 
the  calculation  of  the  sliding  friction  is  more  complex,  since  the  values 
of  X  are  dependent  upon  the  individual  loads. 
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85  The  first  task  therefore  is  the  determination  of  the  individual 
loads  of  a  liearin^  as  well  as  of  the  total  loads  on  the  balls  of  a  bearing. 

86  U  P  is  that  portion  of  a  journal  load  carried  by  one  ball  row, 
then  for  the  simple  case  of  Fig.  18, 

P  =  P^  +  2  P^  cos  r  +  2  P^  cos  2  r  +  . . . .  +  2  P^^cos n  r 
in  which 

and  as  a  rule 

^_360 
T  ~    _ 


therefore 


n<.  z 
=  4 


FIG.  18 

87  Let  S^  be  the  approach  of  the  two  races  in  the  direction  of 
radius  W  0  under  load  P^;  the  approaches  d^  0^2,  etc.,  correspond  toP^ 
P2,  etc. 

88  If,  before  load  is  applied,  there  is  no  play  between  the  balls 
and  races  and  the  races  are  not  appreciably  deflected  under  the  loads 

Po  Pt,  etc. 

then  ^1  =  d^  cos  y^  8^  =  S^  cos  2  y,  etc. 


P. 


P  2  p2 

2     _   ^  n 


and  therefore 


P,  =  p,cos-^^-^r 


P2-P0COS 


3/2 


Equating  this  gives 

P  =  Po  (1  -  2  cos'''-'  r-2  cos'^-  2  r 


.2  co^^^-n  y)  [10] 
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From  which  calculation  we  have  for  instance  for 

z=       10 

r  =     36^ 

_P  /  =  2 .  28 

4.38 

Po  +  2P,+  ....+2  P^=  1.23P    1.22  P    1.21  P 

89     The  sum  of  the  individual  loads  is  almost  invariable  and  the 

P  z 

values  also  of       are  almost  exactly  equal  to  —5^. 
■t^o  4.o7 


15 

20 

24« 

18° 

3.44 

4.58 

z 

z 

4.36 

4.37 

FIG.  19.      DIAGRAM  OF  FRICTION  SCALE 


Therefore  for 


the  largest  load  per  ball  is 


in  to  20 


^0  = 


4.37  P 


90  Actually  the  assumptions  that  before  loading  the  balls  move 
without  play  in  the  races  and  that  the  races  do  not  deflect  under  load, 
are  not  responded  to  so  that  the  highest  load  on  one  ball  will  be  greater 
and  the  sum  of  all  individual  loads  smaller  than  the  calculated  values. 

If  we  take  for 

2  =  10  to  20 

'~     z 
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and 

P„+2P,  +....2P,  =  1.2P  [12] 

then  we  get  for 

3  =  10      15     20 

P      P      P 
P  =  —      '  -      — 

«      2        3       4 

(P  =  bearing  load) 
Experiments  With  Ball  Bearings 

THE    friction    SCALE    OF    THE    CENTRAL    LABORATORY 

91  The  scale  was  to  permit  the  determination  of  the  friction 
moment  under  loads  up  to  5000  kg.  and  any  desirable  rotative  speed. 
Its  scheme  is  illustrated  by  Fig.  19. 

92  The  beam  A  B  C  oi  unequal  levers  carries  the  loading  weight 
at  the  end  A  of  its  long  lever  arm.  The  strut  C  D  is  supported  at 
the  end  of  the  short  lever  arm  E  and  transmits  the  load  to  the  bear- 
ing through  the  suspension  rods  TT^  D.  The  bearing  surrounds  a 
shaft  that  is  journaled  on  either  side  in  blocks  and  that  may  be 
rotated  in  opposite  d'rection  by  suitable  means. 

93  So  long  as  force  P  at  C  acts  in  the  direction  of  connecting  line 

C  D,  then  with  the  shaft  rotating  in  the  direction  of  the  arrow,  the 

rod  will  deviate  sidewise  in  the  indicated  direction  and  the  friction 

moment  of  the  bearing  be  Pm,  being  equal  to  the  distance  of  force  P 

from  axis  W.     Considering  the  friction  moment  as  the  product  of  an 

ideal  friction  fx  i  P  and  r  its  distance  from  the  shaft  axis,  then,  to  get 

equality  of  moments, 

u,-  Pr  =  Pm 

[13] 
fiir  =  m 

Since  r  has  a  definite  value  for  every  bearing  /«;  is  proportional  to  vi. 
The  deviation  of  the  rod  is  therefore  proportional  to  the  ideal  friction 
coefficient  of  the  bearing. 

94  In  order  not  to  sensibly  change  the  direction  C  D  oi  the  force 
P  by  friction  at  the  supports,  the  strut  is  carried  on  hardened  steel 
knife  edges, 

95  It  must  be  taken  into  consideration  that  the  weights  of  the 
strut  C  Z),  suspension  rods  WD  and  the  bearing  act  as  rotating  forces. 
To  equalize  their  moments  a  second  swing  E  F  G  oi  smaller  dimen- 
sions is  employed,  Mhose  upward  arm  is  connected  to  C  Z)  by  a  short 
link  E  D  and  whose  downward  arm  F  G  carries  the  balance  weight. 
If  P  £■  is  made  small  with  relation  to  C  D,  a  small  balance  weight 
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only  is  needed.  Shaping  F  (?  as  a  pointer  playing  over  a  curved 
scale  Mill  permit  a  more  open  scale  reading  of  the  friction  coefficient 
and  therefore  greater  accuracy  than  reading  directly  from  the  devia- 
tion of  the  main  swing  C  D. 

96     To  adjust  the  strut  C  D  so  that  its  axis  is  simultaneously 
vertical  and  in  line  with  the  shaft  axis  is  rather  difficult.     The  bal- 


FIG.  20.      THE  FRICTION  SCALE  OF  THE  CENTRAL  LABORATORY 

ance  weight  permits  the  elimination  of  this  necessity,  provided  the 
shaft  is  first  rotated  in  one  and  then  in  the  opposite  direction  and  the 
readings  of  the  pointer  taken  in  both  directions. 

97     This  proceeding  gives  reliable  results,  even  when  the  scale  is 
temporarily  supported  on  a  wooden  foundation. 
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98  The  balance  swing  and  the  connecting  Hnk  are  carried  on 
knife  edges  so  as  to  influence  the  sensitiveness  of  the  scale  as  little 
as  possible. 

As  Fig.  20  is  built  the  main  dimensions  were  made 

A  B=  1000  mm. 
C  B  =  50  ram 
C  D=  1560  mm. 
E  F=  90  mm 
F  G=    360  mm. 

The  total  weight  of  strut,  supporting  rods,  and  bearing  box  was 
74.70  kg.  and  that  of  the  balance  weight  0.3  kg. 


FIG.  2L   TYPE  OF  BEARING  TESTED 


CARRYING  OUT  THE  EXPERIMENTS 

99  The  suspension  rods  W  D  carry  a  box  into  which  the  bearings 
may  be  inserted  from  the  side. 

100  An  oil  of  moderate  viscosity  (Deutz  motor  oil)  was  used  in 
such  quantity-  that  the  bottom  ball  just  dipped  through  it.  Ball 
bearings  may  not  be  run  without  lubrication. 

101  The  oil  temperature  was  determined  by  a  thermometer 
inserted  into  the  oil  at  one  side  of  the  bearing.  This  was  sufficient 
since  the  temperature  varied  but  slowly.  So  long  as  the  balls  do 
not  lie  in  the  oil,  but  are  only  moistened  as  may  be  required,  the 
influence  of  the  oil  temperature  on  the  bearing  resistance  is  immate- 
rial. It  would  probably  be  difficult  to  determine  this  influence,  since 
the  temperature  will  alter  the  shape  of  the  bearings  and  races,  which 
would  also  materially  change  the  frictional  conditions. 
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102  The  ball  bearing  that  was  examined  first  made  65,  100,  130 
190,  380,  780  and  1150  r.  p.  m.  The  lowest  speed  was  taken  first. 
The  load  was  increased  step  bj-  step  from  a  small  amount  to  the  high- 
est, and  then  again  decreased  in  the  same  way.  If,  with  similar 
loads,  lower  frictional  values  were  observed  with  the  decreasing  load 
series,  while  the  temperature  did  not  differ  materially  it  permitted 
the  assumption  that  the  bearing  had  not  got  down  to  good  running 
conditions.  The  gradual  reduction  of  the  frictional  values  is  very 
noticeable  with  bearings  whose  race  surfaces  were  only  roughly 
ground  after  hardening.  It  is  almost  unnoticeahle  with  races  that  have 
been  so  well  -finished  that  grinding  sa-atches  are  not  visible  with  the 
naked  eye.  This  condition  of  the  ball  tracks  is  very  important  for  the 
durability  of  races  and  balls. 


FIG.  22     TYPE  OF  BEARING  TESTED 

103  The  same  proceeding  was  followed  with  the  same  loads  at  all 
other  speeds.  If  no  disturbance  arose  before  its  conclusion  the  bear- 
ing was  then  examined.  If  neither  the  races  nor  balls  indicated 
damage  the  investigation  was  continued,  beginning  again  with  the 
lowest  speeds,  but  taking  higher  Hmiting  values  for  the  loads.  When 
finally  the  appearance  of  the  impressions  indicated  that  the  per- 
missible load  had  been  materially  passed,  a  final  endurance  run  at  780 
r.  p.  m.  with  the  greatest  test  load  was  made.  By  giving  due  con- 
sideration to  the  various  observations  the  specific  load  k  could  be 
readily  deduced. 

104  The  experience  gained  was  naturally  utilized  for  the  later 
experiments,  so  that  results  were  reached  with  less  load  and  speed 
steps. 

105  The  friction  scale  gives  directly  only  the  ideal  bearing  friction 
coefficient.     This  was  referred  to  the  shaft  diameter,  so  that  the 
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results  may  be  directly  compared  with  the  sliding  friction  of  plain 
journals.  We  have  therefore  to  consider  the  friction  as  equivalent 
to  a  resistance  acting  at  the  shaft  circumference;  the  observation 
values  are  therefore  the  ratios  of  this  resistance  and  of  the  bearing 
load.  Since  the  radius  of  the  shaft  for  all  bearings  tested  was  3.5  cm., 
we  find  that  with  reference  to  the  deviation  m  of  the  main  swing  of 
the  friction  scale,  according  to  Equation  13 


/'i  = 


m 
3:5 


with  m  in  cm. 


THE  FRICTIONAL  VALUES 

106  In  Fig.  21  the  bearings  were  each  made  up  of  two  ball  races. 
This  construction  was  found  to  be  best  for  heavy  loads.  Four  such 
bearings  were  therefore  tested.^  In  order  to  determine  the  best  steel 
different  alloys  and  makes  were  used  for  each  of  these  four  bearings. 
The  race  running  surfaces  were  grooves  of  a  circular  cross  section  with 
arcs  having  radii  equal  to  two-thirds  of  the  ball  diameter.  They 
were  carefully  finished  and  fairly  free  of  grinding  scratches. 

107  The  abundant  observations  indicate  that: 

a  With  loads  from  1000  to  3000  kg.  and  all  test  velocities 
65  to  780  r.  p.  m.  as  well  as  with  oil  temperatures  of  from 
18  to  40  degrees  cent,  the  friction  coefficient  differs  but 
slightly.     Its  mean  value  is  fx-^  =  0.0015. 

b  This  friction  coefficient  increases  noticeably  only  for  loads 
below  1000  kg.  With  these  low  loads  also  it  is  almost 
independent  of  the  speed, 

108  Since  the  coefficient  is  independent  of  the  speed  within  a 
wide  speed  range,  the  results  can  be  given  by  the  few  values  of  the 
following  table: 

TABLE  4 


R.  P.  M.    = 

65 

385 

780 

Bearing  load    380  kg,  corresponding  to    1 . 4  d^*  ft^  = 

0.0033 

0.0035 

0.0037 

Bearing  load    850  kg.  corresponding  to    3.1  d^    ^j== 

0.0020 

0.0021 

0.0022 

Bearing  load  1100  kg.  corresponding  to    4.0  d^    /ii  = 

0.0017 

0.0018 

0.0019 

Bearing  load  1580  kg.  corresponding  to     5.8  cP    ^j  = 

0.0016 

0.0016 

0.0015 

Bearing  load  2050  kg.  corresponding  to     7.5  cP    /£j  = 

0.0015 

0.0015 

0.0015 

Bearing  load  3000  kg.  corresponding  to  11 .0  d^    ;/j  = 

0.0015 

0.0013 

0.0013 

Bearing  load  4900  kg.  corresponding  to  17 . 9  d^    Hi  = 

1 

0.0011 

*d=ball  diameter  in  eighths  of  an  English  inch  and  1A(P  = 

=  largest  load  per 

ball. 

^Translator's  Note:  Tlie  use  of  several  rows  of  balls  is  admissible  only  under 
conditions  that  permit  an  equalization  of  the  total  load  among  the  several  rows. 
This  condition  is  but  rarely  fulfilled  in  practice,  so  that  one  row  to  a  bearing  and 
that  heavy  enough,  must  be  considered  the  standard  arrangement. 
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109  The  merely  moderate  variationsof  the  observations  have  been 
previously  averaged.  It  may  be  assumed  that  with  less  careful  work- 
manship or  a  too  great  flooding  of  the  bearing  with  a  heavy  lubricant 
the  speed  will  be  of  greater  influence  on  the  bearing  resistance. 

110  For  loads  from  the  permissible  to  half  that  value,  that  is  to 
say,  from  3000  to  1500  kg.  /tj  varies  between  0.0013  and  0.0017. 

The  coefficient  /  of  rolling  friction  is  to  be  derived  from 

/'.  Pr  =   S1 1' 

in  which  S  is  the  sum  of  all  the  individual  ball  loads  and  is,  as  has 
been  previously  shown,  =  1.2  P  with  P  representing  the  bearing 
load;  it  therefore  holds  true  that 

.,  r  =  1.2  /  ^; 

and  with  ,  D^ 

r  =  3.5  and  — -  =  4.4 
a 

3.5  2 

^  ^  1.2  X  4.4    ^  3  ^' 

with  //J  =0.0013  to  0.0017  it  follows  that  /  =  0.0009  to  0.0011. 

111  In  Fig.  22  the  journal  was  made  up  of  two  ball  rows.  It  ran 
with  65,  130,  190,  385,  580,  780  r.  p.  m.  and  under  loads  from  380 
to  3000  kg.  The  friction  coefficients  are  almost  15  per  cent  greater 
than  for  the  design  of  Fig.  21.  As  for  the  rest,  the  speed  had  similarly 
little  influence  as  with    Fig.  21. 

112  The  journal  in  Fig.  23,  consisting  of  two  ball  rows  ran  only 
380  and  780  r.  p.  m.  and  under  loads  from  380  to  1800  kg.  An 
influence  of  the  speed  could  not  be  definitely  determined. 

For  380  kg.  load,  it  gave  //i=  0.0051. 

For  850  to  1800,  fX;  =  0.0033  to  0.0037. 

The  temperature  ranged  between  30  and  45  degrees  cent. 

1 13  Under  the  highest  load  of  1800  kg.  shding  and  rolling  frictions 
participate  equally  in  the  frictional  work;  with  decreasing  load  the 
share  of  the  sliding  friction  decreases  while  that  of  the  rolling  friction 
increases. 

114  A  heavy  ball  bearing,  in  order  to  replace  a  shding  journal  of 
the  best  type,  must  have  less  frictional  resistance  than  the  journal  in 
Fig.  23.     This  design  is  therefore  not  suitable  for  practical  use. 

115  In  Fig.  24  the  journal  was  also  made  up  of  two  ball  rows. 
At  380  and  780  r.  p.  m.  and  1100  to  3500  kg.  load  it  gave  //j  = 
0.0052  to  0.0060.     In  an  endurance  test  under  3500  kg.  load  at  780 


BALL   BEARINGS 


459 


revolutions  per  minute  the  temperature  rose  in  three  hours  from  84 
to  130  degrees  cent,  ^vithout  change  of  the  friction  coefficient. 

116  With  3500  kg.  journal  load  the  sliding  frictional  work  is 
almost  3.5  and  with  1800  kg.  it  is  still  twice  as  great  as  that  with  roll- 
ing friction. 

117  The  remarks  concerning  the  practical  value  of  the  journal  of 
Fig.  23  apply  even  more  forcibly  to  that  of  Fig.  24, 

118  Investigation  covered  two  journals,  as  shown  in  Fig.  25. 
The  first  was  made  before  the  beginning  of  the  tests.  At  that  time 
there  were  no  available  data  for  the  permissible  loads  and  the  frictional 
values.     It  was  also  the  first  examined. 

119  Merely  the  circumstance  that  several  of  the  ball  tracks  still 
plainly  showed  grinding  scratches  developed  that  such  journals 
require  some  time  to  get  down  to  uniform  running  conditions.  The 
journal  was  observed  for  five  weeks,  during  which  time  it  ran  daily 


FIG.  23  FIG.  24 

TYPES  OF  BEARINGS  TESTED 

from  two  to  nine  hours.  It  developed  that,  as  with  my  earlier  experi- 
ments on  cast  iron  worm  gearing  the  state  of  uniformity,  correspond- 
ing to  a  constant  frictional  value,  was  reached  earliest  for  a  given 
load  by  allowing  the  bearing  to  run  for  some  time  under  a  materially 
higher  load.  With  our  test  procedure  with  step  by  step  load  increase 
and  decrease  this  state  of  uniformity  was  soon  reached  for  the  lighter 
loads;  it  required  more  time  for  the  heavier  loads. 

120  The  investigation  was  finally  terminated  at  580  revolutions 
per  minute  and  4200  kg.  load  because  two  races  shoAved  damage.  The 
observation  at  780  and  1150  revolutions  per  minute  therefore  extend 
up  to  a  load  of  only  2050  kg. 

121  It  would  seem  that  since  with  the  higher  loads  that  were 
reached  at  each  speed  the  journal  had  not  yet  got  quite  down  to  uni- 
form running  conditions,  the  reduction  of  the  friction  coefficient  with 
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increasing  speeds  as  given  in  the  following  table  should  ])e  partly 
ascribod^to  this  condition. 

122  The  friction  coefficient  may  therefore,  for  the  slower  speeds 
and  higher  loads,  be  somewhat  smaller  Chan  that  given.  The  follow- 
ing table  gives  the  values  derived  from  the  readings: 

R.  p.  M.  ='         6        I      100  190      !      380      '      580      I      780      I      1150 


P=   380  kg.  /ii=      0.0095      0.0095      0.0093      0.0088      0.0085  0.0074 

P=1100kg.  /(;=      0.0065      0.0062      0.0058      0.0053      0.0050      0.0049      0.0047 

P  =  1800to4200kg.    fi[=      0.0055      0.0054      0.0050      0.0043      0.0041      0.0041      0.0040 


P  =  1800  to  2500  kg. 

123  With  1800  kg.  journal  load  the  work  of  sliding  friction  is  one- 
third  to  one-quarter  of  the  total  fiictional  work.  The  design  is 
therefore  not  bad  so  far  as  the  frictional  conditions  are  concerned. 
But  the  balls  of  the  test  journal  are  too  small.  To  get  acceptable 
frictional  values,  balls  of  |  inch  diameter  should  have  been  selected. 

124  The  races  of  the  second  journal  had  well  finished  and  polished 
ball  tracks.  It  was  made  of  different  steel  and  was  tested  in  order  to 
give  data  as  to  the  suitability  of  that.  The  load  was  rapidly  raised 
beyond  the  permissible  amount  to  4200  kg.  Under  the  heavy  over- 
load an  outer  race  broke,  before  the  heavy  load  got  down  to  uniform 
running.  The  frictional  values  observed  were  therefore  all  slightly 
higher  than  tliose  cited. 

PERMISSIBLE    SPECIFIC    LOADS    k 

125  Balls  and  races  in  Fig.  21  acted  perfectly  at  loads  under  3000 
kg.  and  all  trial  speeds  up  to  780  revolutions  per  minute.  A  few  hours 
of  endurance  run  with  4900  kg.  at  780  revolutions  per  minute  plainly 
showed  sUght  variations  in  the  hardness  of  the  ball  tracks.  The 
softer  places  showed  deeper  impressions  and  looked  darker  than 
their  surroundings.  Under  continued  running,  fiat  holes  are  formed 
at  the  soft  spots,  with  edges  more  or  less  sharply  defined  in  accordance 
with  the  peculiarities  of  the  material. 

126  Of  the  four  journals,  whose  races  were  made  of  different  steel, 
two  showed  up  similarly.  The  races  of  the  other  two  proved  uni- 
formly hard  and  withstood  the  test.  But  whereas  with  one  the  ball 
tracks  were  just  barely  noticeable,  they  were  decidedly  defined  with 
the  other. 

127  These  experiences  indicate] that  4900  kg.  is  an  inadmissibly 
high  load. 

Basing  3000  kg.  as  a  permissible  load  on  these  observations,  gives 
k  by  calculation  as  below. 
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The  load  per  ball  row  is  1500  kg.  and  with  14  balls  the  greatest 
load  per  ball  is,  according  to  Equation  11, 


with 
approximately, 


ISOOyV  =  536  kg. 
d  =  I  inch:  kV  =  536 
k  =  ll 


Taking  Z;  =  10  gives  for  a  ball  supported  in  a  groove  with  a  radius 
of  curvature  =  §  d 

P  =  10  cP  (d  in  eighths  inch  English) 
P  =  100  (^2  {d  in  cm.) 

128  The  journals  of  Fig.  25  were  also  loaded  up  to  4200  kg.,  but 
were  damaged  under  this  load.  The  ball  track  became  sharply  defined 
imder  an  even  smaller  load.  Even  with  uniformly  hard  ball  races, 
this  journal  will  hardl}'  carry  reliably  more  than  1800  kg.  The 
outer  ball  races  are  the  more  heavily  loaded;  the  average  load  on 
each  of  the  central  tracks  is  the  0.29,  that  on  each  of  the  side  tracks 
the  0.23  part  of  the  total  journal  load. 

129  For  the  permissible  load  of  1800  kg.  the  corresponding 
amounts  are  522  kg.  and  414  kg.  The  central  tracks  each  have  22 
balls,  so  that  the  greatest  load  per  ball  approximates 

522  22  =  120  kg. 

For  the  side  tracks,  each  with  20  balls,  the  greatest  load  per  ball 

figures  out 

5 
414 

so  that 


414  2Q  =  104  kg. 


120 
fc  =   ^,    =4.8 

130  Note  also  that  the  relative  movement  between  balls  and 
outer  races,  where  the  greatest  loads  occur,  is  almost  exclusively  a 
rolling  one.  At  the  ball  tracks  of  the  central  inner  race,  where  the 
balls  also  slide  and  are,  to  judge  from  their  appearance,  amply  loaded 
at  1800  kg.  journal  load,  the  greatest  load  per  ball  approximates  90 

kg. 

For  these  tracks  we  get 

90 
fc  -  5.     =  3.6 
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For  flat,  conical  and  cylindrical  track  surfaces  we  have 

P  =  3  d-  to  5  cP  (d  in  J  inch  English) 
P  =  30  f^- to  50  cF   (din  cm.) 

131  The  smaller  values  are  to  be  used  where  there  is  simultaneous 
rolling  and  sliding  friction  at  the  points  of  principal  load,  the  larger 
values  when  there  is  only  roUing  friction.  The  load  5  (F  is  already 
relatively  high  and  is  certainl}'  nearer  to  the  ultimate  load  at  which 
inequalities  of  the  material  become  disagreeably  apparent  than  the 
load  10  (P  given  for  the  grooved  cross  section. 

132  On  reconsidering  the  results  of  the  friction  and  load  investi- 
gations we  recognize  that  only  the  races  illustrated  in  Fig.  21  are 
fully  satisfactory  for  bearing  journals.  The  use  of  such  races  gives 
us  entirely  practical  dimensions  for  journal  loads  of  6000  and  10,000 
kg.  and  frictional  values  responding  to  the  most  critical  demands. 


20-§Ba//s. 


FIG.  25     TYPE  OF  BEARING  TESTED 

133  The  German  Small  Arms  and  Ammunition  Factories  of 
Berhn  have,  for  the  past  year,  been  proportioning  ball  bearings  in 
accordance  with  this  report. 

134  There  have  been  made  there  and  carefully  observed  in  prac- 
tice ballbearings  of  widely  differing  designs,  and  it  has  been  uniformly 
found  that  the  statements  here  made  hold  good. 

135  The  investigations  here  reported  were  concluded  in  March, 
1899.  In  continuation  and  concurrently  with  the  German  Small 
Arms  and  Ammunition  Factories,  Berlin,  work  looking  to  the  further 
improvement  of  the  larger  steel  balls  and  races  has  been  carried  on. 
It  has  been  attended  with  success  and  resulted  in  the  manufacture 
of  balls  and  races  that  may  be  more  highly  loaded  than  those  with 
which  the  results  reported  were  reached.  In  examining  such  races  a 
journal  such  as  Fig.  21,  but  with  only  one  ball  row  was  for  a  long 
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period  submitted  to  a  load  of  4900  kg.  at  780  revolutions  per  minute, 
this  being  the  highest  within  the  capacity  of  the  friction  weighing 
scale.  Under  this  load,  which  is  double  the  previous  one,  the  ball 
tracks  were  barely  marked  and  no  difference  in  the  hardness  developed 
According  to  experience  so  far,  the  permissible  loads  of  balls  and 
races  may  be  taken  1.5  times  as  great  as  previously  reported. 

136  These  frequent  examinations  have  also  shown  that  the  ball 
bearings  are  very  uniform  as  to  their  friction.  The  greater  or  lesser 
viscosity  of  the  lubricant  influences  the  friction  but  slightly.  In 
many  situations  they  possess  various  advantages  over  sliding  journals. 

137  The  necessity  for  getting  down  to  a  uniform  bearing  which 
not  infrequently  seriously  handicaps  sliding  journals,  is  eliminated 
with  w^ell  made  ball  bearings.  They  are  short,  and  even  for  high 
speeds  and  loads  no  larger  than  for  low  speeds,  and  are  suitable 
under  conditions  where  sliding  journals  must  be  made  undesirably 
long  to  avoid  seizing  and  to  conduct  away  the  heat  generated.  Dust 
and  other  uncleanliness  in  the  oil,  for  instance,  not  perfectly  removed 
cores,  can  more  easily  be  kept  off  of  the  supporting  surfaces  and  are 
less  harmful  than  with  sliding  bearings.^ 

138  The  reliability  of  ball  bearings  is  the  quality  most  generally 
doubted.  After  my  first  experience  with  them,  I  had  no  great  hopes 
in  this  direction,  but  after  observations  that  I  have  since  made  of 
properly  proportioned  and  carefully  made  ball  bearings,  I  incline  to 
the  decision  that  it  is  owing  to  their  very  reliability  that  they  respond 
to  extreme  demands  and  that  therefore  their  use  is  advisable  even 
where  sliding  journals  wear  rapidly. 

139  These  good  qualities  are,  however,  found  only  in  bearings 
whose  balls  and  races  are  made  with  sufficient  accuracy  and  that 
respond,  as  to  uniformity,  hardness  and  toughness,  to  certain  require- 
ments, the  compliance  with  which  will  probably  always  remain  the 
province  of  a  very  few  specializing  concerns.^ 


•Translator'sNote:  This  must  not  be  taken  as  a  license  to  fill  a  ball  bearing 
with  dirt,  grit,  etc.,  which  must  necessarily  reduce  the  surface  and  so  destroy  one 
of  the  very  great  advantages  of  the  ball  bearings,  i.  e.,  its  practical  immunity 
from  wear  during  the  full  lifetime  of  the  mechanism  it  carries.  Single  row  baU 
bearings  permit  the  shaft  to  oscillate  slightly,  so  that  slight  deflections  of  the 
shaft  or  slight  errors  in  fitting  do  not  appreciably  affect  their  good  action. 

^See  "Zeitschrift  des  Vereins  deutscher  Ingenieure,  Vol.  of  1897>  p.  968,  and 
Vol.  1898,  p.  1157. 
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DISCUSSION 

Mr.  Thomas  J.  Fay  While  little  remains  to  be  said  about  ball 
bearings  and  their  uses,  in  view  of  Mr.  Hess'  most  excellent  r6sume, 
the  writer  wishes  to  emphasize  one  or  two  points. 

2  It  is  well  understood  that  it  is  essential  not  only  to  employ  per- 
fected radial  types  of  ball  bearings,  but  good  materials;  and  this  ques- 
tion of  materials  needs  more  light  because  among  engineers  there  is  a 
diversity  of  opinion  with  regard  to  it. 

3  It  is  believed  that  the  success  of  the  bearings  advocated  by  Mr. 
Hess  is  in  a  large  measure  due  to  the  fine  quality  of  materials  used,  as 
well  as  to  their  design  and  construction. 

4  It  is  quite  apparent  that  steel  made  by  a  process  that  requires 
no  burning  out  of  impurities  is  more  likely  to  be  of  high  quality  than 
if  it  is  produced  from  cheap  raw  materials  which  require  such  treat- 
ment. The  chemical  composition  of  steel  does  not  alone  indicate  its 
quality.  Identical  chemical  compositions  may  be  followed  by 
marked  differences  in  results.  In  order  to  secure  the  same  results ' 
the  composition  must  not  only  be  the  same  but  the  steel  must 
be  produced  from  identical  raw  materials,  by  one  process,  at  the  hands 
of  men  doing  that  class  of  work  and  knowing  the  details  of  the  process. 

5  The  life  of  a  ball  bearing  is  dependent  upon  numerous  considera- 
tions of  design  and  upon  the  sizes  used  and  the  mode  of  application; 
but  tests  now  under  way  in  the  establishment  represented  by  the 
writer  indicate  that  trouble  can  be  expected  well  within  20,000  car 
miles  from  all  but  the  finest  products,  even  when  the  load  is  one-half 
the  usual  catalogue  ratings.  Of  course  plain  bearings  would  fail  long 
before  this  under  the  same  load  conditions.  But  the  very  best  makes 
of  ball  bearings  using  the  most  appropriate  grades  of  steel  should  sur- 
vive 50,000  car  miles. 

6  Trolius,  in  "Notes  on  the  Chemistry  of  Iron,"  second  edition, 
p.  129,  arrived  at  conclusions  bearing  upon  this  subject,  that  the  writer 
has  been  able  very  accurately  to  verify.  He  said  among  other  things: 
"There  is  something  in  steel  for  which  we  cannot  account;  'body'  it 
is  called  in  Sheffield  and  Sweden  *  *  *  _"  Again,  "It  is  quite 
possible  that  the  presence  of  minute  amounts  of  elements  that  are 
generally  not  included  in  what  is  termed  a  complete  analysis  of  steel, 
may  cause  some  of  the  wide  differences  in  physical  properties  which 
are  sometimes  observed  in  otherwise  similar  steels."  And  again, 
"The  cast  steel  (which  is  a  continental  designation  for  crucible  steel), 
made  from  the  best  Swedish  steel  iron  has  more  '  liody '  than  other  cast 
steel;  moreover,  the  products  from  this  soft  steel  show  an  endurance 
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in  service,  a  'body'  that  can  rarely  be  attained  by  steel  made  from 
other  materials  and  doctored." 

7  In  further  illustration  of  this  matter  Trolius  goes  on  to  say: 
''The  following  analysis  shows  the  composition  of  soft  Bessemer  steel 
made  from  the  Swedish  steel  iron  ores  and  a  steel  made  from  cheaper 
ores. 

Swedish  ore  Cheaper  ore 

Carbon 0.10  to  0.15  0.11 

Sihcon 0.01  0.01 

Sulphur 0.01  0.04 

Phosphorus 0.027  0.065 

Manganese 0.14  0.51 

8  "The  Swedish  steel  shows  a  decidedly  better  chemical  compo- 
sition, but  when  the  composition  happens  to  be  alike,  or  nearl}-  so,  the 
'body'  will  assert  itself  in  favor  of  the  Swedish  steel." 

9  The  writer  holds  that  modern  methods  of  investigation,  includ- 
ing "vibratory  tests"  micro-photographs  and  other  methods  ade- 
quately establish  the  fact  that  but  minute  differences  in  composition 
influence  the  results  to  a  marked  degree,  in  that  the  "eutectic"  is 
diverted  out  of  its  condition  of  natural  selection,  excepting  in  the 
products  free  of  these  minute  quantities. 

10  With  a  view  to  being  able  to  afford  accurate  advice  on  this  sub- 
ject, the  writer,  in  association  with  Mr.  J.  M.  Ellsworth,  has  now  undei 
way  a  full  set  of  investigations  of  ball  bearings,  not  only  of  the  mate- 
rials of  construction,  but  the  life  as  well,  and  with  the  hope  of  throwing 
some  light  on  the  subject,  offers  the  chemical  determinations  as  fol- 
lows: 

,  1 1  Number  86,  inner  raceway  of  a  Hess-Bright  D.  W.  F.  ball  bear- 
ing, made  in  Germany.  Chemical  composition:  Carbon,  total,  0.983; 
combined,  0.983;  Cr  1.24;  V  none;  Mn  0.43;  S.  0.034;  Ni  none; 
W  none;  Si  0.197;  P  0.015;  M  none;  Ti  none.  This  raceway  was 
a  part  of  the  bearing  of  which  test  record  No.  87  relates.  Obviously 
the  two  races  were  not  from  the  same  "heat"  of  metal  unless 
segregation  is  a  factor.  At  all  events  the  sole  alloying  element  was 
chromium. 

12  Number  87,  outer  raceway  of  a  Hess-Bright  D.  W.  F.  ball  bear- 
ing, made  in  Germany.  Chemical  composition:  Carbon,  total,  0.941; 
combined,  0.941;  Cr  1.21;  V  none;  Mn  0.15;  S  0.039;  Ni  none; 
W  none;  Si  0.202;  P  0.022;  M  none;  Ti  none.  The  ])earing  was 
disrupted  by  side  pressure,  and  showed  a  decided  elongation  before 
fracture.  The  raceway  was  file-hard  but  was  not  cemented.  It  was 
definitely  determined  that  this  product  held  chromium  as  the  sole 
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alloying  element.     Obviously  this  product  would  be  rendered  file- 
hard  by  quenching. 

13  Number  8S,  outer  raceway  of  the  ball  bearing  from  Societe 
Frangaise  des  Roulement.  Chemical  composition:  Carbon,  total, 
0.893;  combined,  0.893;  Cr  1.60;  V  none;  Mn  0.20;  Ni  none;  W 
none;  Si.    0.188;  P.    0.019. 

14  Number  89,  inner  raceway  of  the  ball  bearing  from  Societe 
Frangaise  des  Roulement.  Chemical  composition:  Carbon,  total,  0.80; 
combined,  0.80;  Cr  1.58;  V  none;  MnO.19;  S  0.029;  Ni  none;  W 
none;  Si  0.197;  P  0.022. 

15  Number  90,  taken  Irom  a  ball  bearing  purchased  from  makers 
for  test  purposes.  Chemical  composition:  Carbon,  total,  1.165; 
combined,  1.165;  Cr  none;  V  none;  Mn  0.18;  S  0.016;  Ni  none; 
W  none;  Si  0.027;  P  0.027.  This  shows  the  balls  were  of  "tool 
steel"  of  the  carbon  steel  series,  since  no  allo3'ing  element  was  found. 

The  Author  The  discussion  emphasizes  the  need  of  high  grade 
material  for  balls  and  races;  that  may  be  heartily  subscribed  to.  It  is 
true  that  with  inadequate  material,  correct  design  and  good  work- 
manship are  of  little  avail. 

2  Mr.  Fay  is  correct  in  his  statement  that  case-hardened  (ce- 
mented) material  will  not  answer.  A  steel  that  will  harden  through- 
out and  be  practically  uniformly  hard  and  tough  is  a  sine  qua  non 
where  durability  and  long  life  are  wanted. 

3  Several  chemical  analytical  investigations  of  ball  bearing  ma- 
terials are  offered  by  Mr.  Fay.  I  am  inclined  to  doubt  the  accuracy 
of  the  chemist  employed — certainly  the  analysis  given  does  not  re- 
spond to  any  that  I  am  familiar  with  as  employed  in  D.  W.  F.  ball 
bearings. 

4  The  discussion  refers  to  the  usual  catalogue  ratings  of  ball  bear- 
ings. In  my  practice  the  catalogue  rating  is  the  safe  steady  load  at 
steady  speed.  It  must  be  manifest  that  the  carrying  capacity  under 
sudden  variations  of  load  or  of  speed,  that  is  under  shock,  is  less.  In 
the  bod}'  of  my  paper  general  rules  for  size  selection  have  been  given 
for  the  various  chief  automobile  elements. 

5  Since  in  a  peifectl)'  designed  ball  bearing,  that  is  properly 
mounted  to  be  free  of  grit,  rust  and  acid,  wear  is  not  a  factor  affecting 
its  life,  there  remains  only  the  molecular  change,  due  to  repeated 
stress  to  curtail  its  existence.  In  my  opinion  and  practice  a  ball  bear- 
ing that  does  not  outlast  the  machine  (automobile  or  other  mechan- 
ism) on  which  it  is  used,  is  either  defective  in  itself  or  shows  proof  of 
an  improper  type  and  size  selection. 
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6  Changes  in  design  unci  fashion  of  automobiles  are  such  as  to 
make  the  amertization  life  certainly  not  over  five  years,  so  that  their 
bearings  should  not  require  renewal  inside  of  that  time.  Few  cars 
will  average  50  miles  per  day  for  250  days  per  year  or  a  total  of  62,500 
miles.  I  have  in  my  possession  bearings  taken  from  a  heavy  touring 
car  that  has  been  roughly  used  in  racing  and  hard  driving;  these, 
with  a  known  record  of  65,000  miles,  show  no  evidence  of  deteriora- 
tion. Other  records  on  standard  passenger  steam  railways  are  over 
200,000  miles  with  no  visible  effect  on  the  bearings. 
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The   October  Meeting 

The  October  meeting  was  held  on  Tuesday  evening,  October  8,  when 
Professor  John  Price  Jackson  of  State  College,  Pa.,  gave  an  address 
on  "College  and  Apprentice  Training."  It  treated  of  the  relation 
of  the  student  engineering  course  in  the  industries  to  the  college 
technical  course.  There  was  a  great  deal  of  valuable  discussion. 
Among  those  who  took  part  were  Prof.  Dugald  C.  Jackson  of  the 
Massachusetts  Institute  of  Technology  and  President  of  the  Society 
for  the  Promotion  of  Engineering  Education;  Dr.  Henry  S.  Pritchett, 
President  of  the  Carnegie  Foundation  for  the  Advancement  of  Teach- 
ing and  President  of  the  Society  for  the  Promotion  of  Industrial 
Education;  Dr.  Arthur  A.  Hammerschlag,  Director  of  the  Carnegie 
Institute  of  Pittsburg;  Dr.  C.  F.  Park,  Director  of  the  Lowell  Institute; 
Mr.  C.  W.  Cross  in  charge  of  the  Apprentice  Courses  in  the  New  York 
Central  Lines;  Dr.  Fred  W.  Taylor,  Past-President  of  the  Society;  the 
Secretary,  and  others.  Professor  Jackson's  address  is  published  in 
this  volume. 

BUSINESS  meeting 

Previous  to  the  professional  session  uii  October  8  a  specially  called 
business  meeting  was  held  to  ratify  the  action  of  the  officers  in  entering 
into  an  agreement  with  the  Mechanical  Engineers  Library  Association 
to  merge  the  Mechanical  Engineers  Library  Association  and  The  Ameri- 
can Society  of  Mechanical  Engineers  into  one  body  to  be  known  as 
The  American  Society  of  Mechanical  Engineers. 

Proxies  had  been  previously  sent  out  in  the  names  of  Prof.  F.  R. 
Hutton,  or  Mr.  C.  W.  Hunt,  or  Mr.  Henry  R.  Towne,  and  these 
together  with  the  ballot  vote  at  the  meeting,  formall}^  ratified  the 
action  which  had  been  taken.  The  meeting  further  prayed  that  the 
Supreme  Court  be  petitioned  to  grant  this  merger. 

On  October  15  in  the  rooms  of  the  Society  a  similar  meeting  of  the 
Fellows  of  the  Mechanical  Engineers  Library  Association  was  held 
which  ratified  the  action  of  their  officers. 
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The  November  Meeting 

Mv.  Charles  R.  Pratt  addressed  the  Societ}'  at  the  Xovember  meet- 
ing on  Tuesday  evening,  November  12,  the  subject  being  "A  High 
Speed  Elevator." 

Much  valuable  information  in  regard  to  the  construction  and 
operation  of  elevators  was  brought  out  in  the  discussion  in  which 
engineers  and  architects  from  New  York,  Philadelphia  and  Chicago 
participated.     The  paper  is  published  in  this  volume. 
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COLLEGE  AND  APPRENTICE  TRAINING 

The  Relation  of  the  Student  Engineering  Courses  in  the 
Industries  to  the  College  Technical  Courses 

By  prof.  JOHN  PRICE  JACKSON,  STATE  COLLEGE,  PA. 
Member  of  the  Society 

Near  the  year  1880  a  new  spirit  in  collegiate  education  had  begun 
to  grow  vigorously.  A  few  institutions  previous  to  that  time  had 
been  established  in  accord  with  this  spirit  which  maintains  that  a 
college  should  prepare  a  man  to  do  his  duty  successfully  in  any  of  the 
various  pursuits  of  life,  and  not  only  in  what  are  termed  the  "learned 
professions." 

the    MORRILL   LAND    GRANT    ACT^ITS   TENDENCY 

2  One  great  impulsion  toward  a  practical  and  useful  form  of  edu- 
cation for  the  bulk  of  the  middle  classes  of  the  people  was  undoubtedly 
the  now  well  known  Morrill  Land  Grant  Act  passed  by  Congress  in 
1862  providing  for  the  establishment  of  State  institutions,  the  pri- 
mary object  of  which  was  to  be,  ''without  excluding  other  scientific 
and  classical  studies,  and  including  military  tactics,  to  teach  such 
branches  of  learning  as  are  related  to  agriculture  and  the  mechanic 
arts,  in  such  manner  as  the  Legislature  of  the  State  may  prescribe, 
in  order  to  promote  the  liberal  and  practical  education  of  the  industrial 
classes  in  the  several  pursuits  and  professions  of  life." 

3  The  wisdom  of  this  act  was  not  generally  appreciated  for  twenty 
or  more  years  after  its  passage,  and  even  at  the  present  time,  its  full 
fruitage  is  only  beginning  to  be  harvested.  Under  it  colleges  were 
established  in  nearly  all  the  States  of  the  Union  receiving  partial  sup- 
port and  direction  by  the  National  Government,  having  as  a  funda- 
mental constitution  the  passage  of  the  Act  quoted  above.     Even  as 

Presented  at  the  regular  Monthly  Meeting,  October  8,  1907  of  The  Amer- 
ican Society  of  Mechanical  Engineers  and  forming  part  of  Volume  29  of  the 
Transactions. 
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late  as  18S0  and  1890  these  institutions  were  considered  more  or  less 
in  the  light  of  manual  trade  schools  by  a  large  element  of  the  educated 
classes.  They  have  thriven  so  successfully,  however,  during  the  last 
two  decades  that  not  only  did  they  take  position  as  high  types  of 
educational  institutions  doing  a  magnificent  service,  but  the  princi- 
ples which  actuated  them  proved  so  vital  that  all  of  the  best  institu- 
tions of  higher  learning  in  the  country  have  been  materially  molded 
by  the  effect  they  have  produced;  indeed,  today  the  first  and  primary 
object  of  all  well  organized  colleges  is  to  prepare  men  for  a  life  of 
usefulness  rather  than  for  the  purpose  of  giving  them  culture  and 
polish. 

4  This  attitude,  or  spirit,  which  has  been  thus  induced,  is  filtering 
down  into  the  lower  branches  of  education  as  evidenced  in  the  manual 
training  schools,  and  many  of  the  high  school  courses,  which  are  emi- 
nently fitted  to  prepare  young  men  and  women  to  perform  efficient 
service  in  maintaining  our  present  complex  civilization.  The  same 
spirit  will  reach  still  further  and  will  quicken  the  grammar  and  even 
the  primary  grades  of  education.  Though  the  "three  R's"  will  of 
course  remain  the  essential  basis  of  all  primary  education,  the  new 
motif  will  weave  around  and  through  them  a  training  in  the  observa- 
tion and  understanding  of  simple  natural  phenomena,  which  will  do 
much  to  increase  the  usefulness  and  happiness  of  the  great  masses 
of  the  American  people. 

THE    EARLY    COLLEGE    MEN    AND    THE    INDUSTRIES 

5  The  earUer  institutions,  from  about  1850  to  1880,  which  dealt 
with  higher  technical  instruction,  confined  their  work  largely  to 
what  is  called  civil  engineering,  and  for  that  reason  it  will  be 
found  that  the  civil  engineering  staffs  of  the  railroads  of  the  country 
are,  to  quite  a  large  extent,  and  have  been  for  many  years,  com- 
posed of  college  men,  but  the  manufacturing  and  similar  indus- 
tries of  the  country  are  even  yet  extensively  officered  by  men  who 
have  had  to  obtain  their  necessary  training  through  individual  study. 
When  the  use  of  electricity  became  an  important  factor  in  our  daily 
life  about  twenty-five  years  ago,  the  need  for  brains  trained  in  the 
mathematical  and  physical  principles  underlying  the  use  of  electrical 
phenomena  became  so  great  that  the  colleges  prepared  to  do  so  were 
forced  to  furnish  adequate  courses  in  these  subjects.  It  will  be 
found,  therefore,  that  the  electrical  industries  are  very  largely  con- 
trolled by  college  bred  men  especially  prepared  for  their  work.  In 
the  mechanical  industries — which  require  fully  as  much  preparation — 
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and  in  the  mining,  metallurgical,  marine,  and  steam  industries,  the 
movement  has  been  much  slower,  but  at  the  present  day  it  is  assum- 
ing a  rapid  growth.  Probably  of  all  these  professions  that  of  mining 
has  lagged  behind  most  in  demanding  highly  educated  officers. 

6  The  relation  between  the  colleges  and  the  industries  during  the 
period  from  1880  to  1890  was  critical  in  regard  to  technical 
education  in  this  country.  At  that  time,  when  a  young  man  was 
graduated  from  a  technical  college  course  he  was,  to  all  visible  evi- 
dence, less  desired  and  useful  to  the  industries  than  if  he  had  gone 
into  the  shop  and  taken  an  ordinary  apprenticeship  course  for  four 
years.  As  a  matter  of  fact,  in  order  to  get  a  start  at  all,  such  a 
young  man  by  necessity  was  compelled,  except  in  unusual  cases,  to 
apply  for  work  without  permitting  it  to  become  known  that  he  was 
college  bred,  otherwise  he  was  foredoomed  to  failure.  If  he  succeeded 
in  obtaining  a  position,  but  afterward  it  became  known  that  he  was  a 
college  graduate,  he  was  placed  under  a  serious  handicap  of  prejudice. 
On  the  other  hand,  if  his  educational  advantages  did  not  become 
known,  the  chances  were  strong  that  he  would  forge  rapidly  ahead 
of  his  fellows  in  his  work  and  quickly  take  a  position  of  responsibilit}^ 
and  control.  At  that  time  the  need  of  a  college  bred  man  was  not 
so  insistent  as  at  present,  but  even  then  machinery  was  growing 
more  complex  and  the  call  for. power  units  of  increased  size  was  becom- 
ing urgent,  both  on  account  of  higher  speed  of  travel — railway  and 
steamboat — and  on  account  of  the  larger  production  machines  which 
the  industries  were  rapidly  adopting;  thus,  even  then  the  need  of 
a  greater  number  of  well  trained  brains  was  becoming  imperative. 
At  that  time  the  educational  preparation  in  the  sciences  was  to  a 
large  extent  in  an  experimental  stage,  but  a  good  foundation  in  mathe- 
matical reasoning  and  the  fundamental  principles  of  physics,  dealing 
with  dynamic  and  static  forces,  were  being  taught  in  a  number  of 
institutions  and  the  men  who  were  being  graduated  were  not  badly 
prepared  to  step  into  the  industries — at  the  bottom  of  the  ladder. 
One  of  the  difficulties  experienced  by  employers  at  that  time  was 
possibly  due  to  a  lack  of  appreciation  on  the  part  of  the  young  men 
themselves  that  notwithstanding  their  four  years  in  college  it  would 
be  necessary  to  start  at  the  bottom  and  learn  from  its  Lncipiency 
the  business  they  were  about  to  enter. 

THE    CONNECTING    LINK 

7  Early  in  the  last  decade  when  our  industries  were  rapidly  grow- 
ing in  complexity,  this  call  for  trained  men  became  so  urgent  that  it 


476  COLLEGE    AND    APPRENTICE   TRAINING 

was  necessary  for  the  managers  of  the  industries  to  take  measures  to 
supply  the  need.  A  survey  of  the  field  showed  that  the  young  men 
who  were  being  graduated  from  the  scientific  colleges,  then  in  com- 
paratively small  numbers,  were  not  fitted  to  take  positions  of  responsi- 
bility, and  it  seemed  at  that  time  doubtful  whether  such  men  had  or 
could  obtain  the  practical  cast  of  mind  which  is  essential  to  technical 
work.  Certain  far  sighted  managers  connected  with  the  Westing- 
house,  General  Electric,  and  Western  Electric  Companies,  and  other 
industrial  concerns  had  been  employing  some  of  these  men  and  were 
putting  them  through  a  more  or  less  rigorous  course  of  preliminary 
training  with  the  idea  of  preparing  them  for  usefulness  to  their 
companies. 

8  An  early  step  was  described  in  a  circular  letter  written  in  the 
90's  by  the  shop  superintendent  of  one  of  the  companies  and  sent  to 
a  number  of  the  leading  engineering  colleges  of  the  country.  In  this 
letter,  the  writer  in  essence  stated  that  his  company  had  decided  to 
emplo}^  a  number  of  newly  graduated  men  each  year  at  a  low  rate  of 
compensation  and  would  teach  them  the  details  of  the  business  during 
a  course  of  about  two  years.  It  was  stated  in  the  letter  that  the  men 
who  were  appointed  were  to  be  considered  as  receiving  scholarships, 
and  it  was  hoped  that  the  colleges  would  hold  forth  to  their  classes 
these  positions  as  incentives  to  a  high  grade  of  work.  Appointments 
were  to  be  made  strictly  on  the  basis  of  the  records  of  the  young  men. 
As  stated  previously,  other  companies  were  also  taking  this  stand,  in 
most  cases  in  a  less  formal  way.  For  eight  or  ten  years  such  student 
engineering  courses  in  the  industries  have  been  springing  up  in  large 
numbers  all  over  the  country. 

GROWTH    OF   THE    MOVEMENT 

9  It  is  the  link  offered  between  the  technical  colleges  and  the  in- 
dustries by  these  student  courses  in  the  shops  and  power  plants  with 
which  this  paper  has  to  deal.  This  link  lies  in  the  mind  of  the  writer 
as  one  of  the  greatest  advances  in  useful  education  which  the  world 
has  ever  seen  accomplished  in  the  same  space  of  time.  In  the  old 
days  the  boy  who  graduated  from  a  literary  or  classical  college,  and 
who  found  himself  unfitted  for  the  learned  professions,  was  apt  to 
become  a  pauper  and  a  burden  upon  the  community;  and,  as  already 
said,  even  the  technical  graduate  had  great  difficulty  at  first  in  making 
himself  useful  and  valuable.  Today,  on  account  of  this  new  type  of 
post  graduate  industrial  education,  ever}^  young  man  who  has  re- 
ceived his  bachelor's  degree,  and  who  has  a  fair  modicum  of  brains 
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and  common  sense,  has  fields  innumerable  open  to  him  which  lead, 
j)ossibly  by  slow  steps,  but  surely,  to  positions  of  responsibility  and 
usefulness  which  carry  with  them  in  the  end  excellent  rewards  to  men 
who  give  energetic,  and  studious  service. 

10  From  about  1872,  ten  years  after  the  Morrill  Act  was  passed, 
until  1887  the  technical  courses  in  the  colleges  were  being  developed. 
The  next  ten  years  was  a  period  during  which  the  industries  and  the 
colleges  were  endeavoring  to  adjust  some  means  whereby  a  very  dis- 
tinct and  apparently  insurmountable  gap  between  the  work  of  the 
two  could  be  bridged;  and  from  about  1897  to  1907  may  be  considered 
a  period  during  which  the  industrial  companies  were  developing  the 
student  engineering  courses  and  the  colleges  were  modifying  their 
courses  so  as  to  meet  this  development.  The  dates  given  approx- 
imately indicate  quite  indistinct  time  divisions. 

IDEALS   IN   STUDENT    ENGINEER    COURSES 

11  The  student  engineer  courses  of  the  industries,  where  they 
have  been  fairly  well  estabUshed,  at  the  present  day  extend  usuall}' 
over  two  years  and  enable  the  young  graduate  actually  to  perform 
the  processes  with  his  brain  and  hand  on  each  important  operation 
in  the  establishment,  whether  it  be  the  factory  or  power  plant.  Pos- 
sibly the  quotation  of  statements  from  men  directly  in  charge  of  the 
young  graduates  would  at  this  point  aid  in  making  clear  the  ideals 
which  have  underlain  the  development  of  the  work  to  the  present 
time. 

12  The  quotations  I  have  selected  are  from  a  file  of  letters  of  Mr. 
A.  L.  Rohrer,  General  Electric  Company,  Mr.  Chas.  E.  Downton, 
Westinghouse  Electric  and  Manufacturing  Company,  Mr.  A.  T. 
Bruegal,  Fairbanks  Morse  and  Company,  N.  C.  Bassett,  AHis  Chal- 
mers Company,  C.  E.  Scribner,  Western  Electric  Company,  J.  M. 
Gilmore,  formerly  of  the  Stanley  Electric  Company,  The  Union 
Switch  and  Signal  Company,  Baldwin  Locomotive  Works,  The  Penn- 
sylvania Railroad  Company,  and  others. 

13  Portions  of  one  statement  are  as  follows: 

Very  early  in  the  history  of  the  company  it  was  found  desirable,  or  rather 
necessary,  to  train  its  own  men  and  at  first  they  selected  bright,  intelligent  young 
men,  who,  in  many  cases,  had  had  some  mechanical  experience.  Later  on,  when 
colleges  began  to  shape  their  work  so  as  to  include  more  and  more  electrical  work 
and,  finally,  to  put  all  this  into  a  regular  course  of  electrical  engineering,  the  men 
were  put  through  a  system  of  practical  training.  This  work  finally  led  up  to  what 
was  then  called  a  student's  course,  because  practically  all  the  men  who  entered 
had  either  been  students  or  had  graduated  at  some  one  of  the  technical  schools 
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or  colleges.  At  one  (iiiie  tlii.s  work  w;is  su])crvise(l  by  a  man  who  had  great  con- 
fidence in  the  Enghsli  sclienie  of  practiral  training  whereby  the  men  paid  a  cer- 
tain stiimlated  amount  each  year  for  tiie  privilege  instead  of  receiving  a  salary. 
It  turned  out  to  be  more  or  less  of  u  failure  for  the  reason  that  many  a  bright  man 
was  debarred  from  entering  the  course  on  account  of  the  fact  that  he  had  either 
paid  his  way  through  college  or  could  not  afford  to  borrow  money  to  make  pay- 
ment to  the  company. 

It  was  then  changed  and  men  were  employed  regularly  for  work  in  the  testing 
department.  At  one  time  they  began  at  the  rate  of  8  cents  an  hour.  After 
awhile  they  were  paid  10  cents  when  entering,  and  later  12i  cents  and  15  cents, 
their  rate  of  pay  being  advanced  from  time  to  time  as  their  services  waiTanted. 

During  all  this  period  great  stress  was  laid  upon  the  work  in  the  testing  depart- 
ment. It  was  believed  that  these  men  were  best  fitted  for  testing  work  as  it 
was  following  along  the  general  line  of  their  laboratory  work  in  college,  but  oppor- 
tunities were  offered  at  different  times  for  certain  of  the  men  who  had  shown 
special  ability  to  get  some  training  in  the  mechanical  departments.  At  one  time 
the  men  who  were  selected  for  positions  in  our  engineering  departments  were 
given  several  months  training  in  our  shops,  then  sent  to  the  drafting  department 
for  several  months,  and  then  into  the  office  of  one  of  the  designing  engineers.  We 
are  now  giving  all  the  men  who  enter  the  testing  department  a  short  period  of 
training  in  our  shops  as  soon  as  they  enter  our  employ;  that  is,  the  w^ork  which 
they  do  first  is  in  the  mechanical  departments  as  preliminary  to  the  work  in  the 
testing  department.  It  is  believed  that  from  ten  to  twelve  weeks  can  be  spent  to 
good  advantage  as  it  enables  them  to  obtain  an  insight  as  to  how  the  apparatus 
is  put  together.  The  principal  part  of  their  work,  therefore,  while  in  the  shops 
is  on  assembling  work. 

We  have  arranged  a  schedule  which  we  follow  as  closely  as  conditions  of  pro- 
duction will  allow,  but  the  men  all  understand  that  if  necessary  they  must  remain 
in  one  section  much  longer  than  the  schedule  calls  for.  If,  however,  the  men  are 
transferred  in  accordance  with  the  schedule  about  twenty  to  twenty-two  months 
are  required  to  get  all  the  training.  We  really  put  ourselves  to  considerable 
inconvenience  in  transferring  these  men,  because  about  the  time  they  become 
proficient  in  one  class  of  w'ork  they  are  transferred  to  another  section,  but  we  feel 
that  in  the  end  we  are  repaid  for  so  doing. 

We  do  not  ask  them  to  enter  into  any  contract  to  remain  wath  the  company 
a  specified  time.  They  are  treated  in  a  broadgage  way,  and  all  we  ask  is  that 
they  spend  sufficient  time  with  us  to  become  familiar  with  all  the  apparatus  and 
to  be  really  good  representatives  of  the  men  who  have  been  through  the  testing 
department.  We  never  stand  in  the  way  of  a  young  man  who  has  an  opportunity 
for  a  good  position  outside;  in  fact,  we  are  just  as  anxious  to  have  good  men  with 
our  customers  as  we  are  to  retain  them  in  our  employ.  There  is  nothing  philan- 
thropic about  this  as  there  are  in  the  employ  of  a  large  percentage  of  all  the  elec- 
tric railway  and  electric  lighting  companies  men,  who  at  one  time  or  another  have 
been  in  our  testing  department.  I  think  I  am  safe  in  saying  that  they  are  all 
good  friends  of  the  company  and  realize  that  the  time  spent  here  has  been  of 
great  advantage  to  them. 

14  Another  man  describes  the  work  in  the  student  engineer 
course  under  his  charge  as  follows: 
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Only  a  few  years  have  passed  since  the  college  man  was  looked  upon  askance 
by  the  then  self  made  practical  engineer,  and  the  young  man  about  to  start  in 
the  profession  had  great  difficulty  in  gaining  recognition  from  any  one.  No  one 
of  that  day  wanted  a  young  man  who  had  "received  his  knowledge  from  books." 

Another  reason  not  expressed,  but  nevertheless  felt,  and  proved  by  careers 
of  prominent  engineers  of  today  and  the  great  demand  for  technically  trained 
men,  was  that  the  theoretical  man  with  practical  experience  would  eventually 
become  an  important  factor  in  the  organization  and,  hence,  a  keen  rival. 

Industrial  enterprises,  where  results  mean  dividends,  have  for  some  time  recog- 
nized and  taken  advantage  of  the  opportunity  to  build  up  the  directing  force 
with  men  of  this  caliber. 

The  company  has  organized  its  engineering  apprenticeship  system  for  the  sole 
purpose  of  furnishing  recruits  to  departments  having  vacancies  or  where  there  is 
need  for  additional  help. 

Seventy-five  per  cent  of  the  men  will  be  given  positions  of  responsibility  in  the 
company's  service  or  be  placed  by  the  company  in  electric  lighting  or  railway 
work,  which  is  quite  to  the  company's  advantage,  since  the  young  men  will  be 
in  the  field  with  a  thorough  knowledge  of  the  products  manufactured  here. 

1  believe  it  is  quite  generally  admitted  by  heads  of  schools  of  engineering  that 
the  young  man  leaving  college  is  rarely  of,  if  any,  immediate  service  to  the  pro- 
fession.    This,  we  know,  has  been  our  experience. 

The  apprenticeship  course  not  only  gives  him  an  opportunity  to  gather  informa- 
tion relative  to  engineering  and  factory  methods,  but  it  places  him  in  a  position 
to  be  observed  by  others — a  sizing  up  process  as  it  were — which  gives  us  posses- 
sion of  information  regarding  his  personal  qualities  and  characteristics. 

Our  course  is  divided  into  three  sections:  a  shop  or  actual  manufacture,  b  engi- 
neering or  designing,  etc.,  c  testing  or  operating.  This,  we  have  found,  gives  the 
broadest  experience  and  a  sure  method  for  the  selection  of  men  for  specific  lines 
of  work. 

The  course  in  the  shops  is  scheduled  by  departments,  no  attempt  being  made 
to  specify  any  particular  work.  This  is  left  entirely  with  the  foreman  in  charge, 
who  will  assign  work  in  a  way  to  accomplish  the  best  results.  Any  one  showing 
superiority  in  the  use  of  tools  will  be  given  a  task  of  value  proportionate  to  his 
skill.  A  great  portion  of  the  information  gathered  is  obtained  through  observa- 
tion. 

Until  quite  recently  no  concentrated  effort  was  made  to  develop  men  for  any 
department  other  than  engineering  and  erecting.  Now  we  are  including  manu- 
facturing, selling,  correspondence,  and  in  fact  every  department  within  the 
organization. 

15     Another  employer  writes: 

The  students  will  be  subject  to  the  conditions  of  the  other  workmen  where  they 
happen  to  be  placed:  they  must  accept  the  same  hours,  regulations,  piece-work 
prices,  overtime  allowances,  etc.  They  will  have,  however,  one  assurance  which 
other  workmen  do  not  have,  viz.,  that  they  will  not  be  laid  off  on  account  of 
ordinary  periods  of  slack  work,  and  in  return  for  this  consideration  they  will  be 
expected  not  to  withdraw  until  they  have  finished  the  course. 

At  the  completion  of  the  course,  the  obligation  on  both  sides  will  be  at  an  end 
and  the  men  must  be  prepared  to  look  out  for  themselves,  because  the  company 
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will  further  employ  only  such  of  the  graduates  as  it  may  need  as  engineers  and 
assistants  in  its  various  departments. 

The  following  will  be  the  approximate  distribution  uf  a  man's  time,  working  in 
the  shop,  the  first  year. 

Generator  and  motor  assembly 4  months 

Switchboard  assembly 2  months 

Transformer  assembly 2  months 

Winding  and  insulation 2  months 

Annealing     1  month 

Inspection  1  month 

The  second  year  will  be  spent  in  the  testing  department. 

Generator  testing 4  months 

Motor  testing 2  months 

Transformer  testing 2  months 

Instrument  testing 2  months 

Arc  lamp  testing 2  months 

The  last  six  months'  time  will  be  spent  either  in  the  outside  construction  or 
ommercial  or  drafting  department. 

It  must  be  understood  that  the  company  does  not  bind  itself  strictly  to  these 
schedules.  Occasion  may  sometimes  require  that  a  man's  time  in  one  depart- 
ment be  shortened  or  lengthened:  and  a  student  may  omit  some  departments 
entirely,  when  his  services  are  wanted  in  more  advanced  work :  but  the  student's 
own  wishes  will  be  consulted  as  far  as  possible. 

Applicants  must  be  graduates  in  electrical  or  mechanical  engineering  from 
institutions  of  good  standing.  They  must  secure  a  good  recommendation  from 
the  man  under  whom  they  have  done  their  practical  work  in  electricity  at  school 
and  a  good  reference  from  a  previous  employer  if  possible. 

Applicants  must  answer  satisfactorily  questions  as  to  age,  descent,  physique 
strong  or  indifferent,  school  or  college  course,  record  in  studies,  record  in  labora- 
tory, whether  it  is  the  intention  to  complete  the  student's  course  as  outlined,  what 
experience  he  has  had  in  electrical  work  outside  of  school,  how  soon  he  could 
begin  work  in  the  department  named,  what  is  the  latest  date  that  would  suit  the 
applicant. 

16     Some  of  the  items  in  the  circular  of  another  company  are: 

The  applicant  must  be  a  graduate  of  a  school  of  technology.  Students  shall 
serve  for  an  equivalent  of  two  years  of  2750  working  hours  each. 

The  company  does  not  wish  all  the  students  in  each  year's  class  to  start  in  at 
the  same  time,  but  prefers  rather  to  spread  them  out  over  a  space  of  several 
months,  from  June  to  October.  In  making  application  for  the  students'  course, 
applicants  will  therefore  say  when  they  prefer  to  begin  work.  Their  preferences 
will  be  followed  as  far  as  possible,  but  the  company  reserves  the  right  to  fix  the 
dates  for  beginning  work. 

At  the  end  of  the  entire  term  of  service,  for  the  faithful  performance  of  his 
duties  throughout  the  course,  each  student  will  be  paid  a  bonus,  but  this  bonus 
will  be  reduced  pro  rata  for  students  who  may  be  permitted  to  shorten  their 
course  and  who  may  then  be  taken  into  the  company's  regular  service.     No  bonus 


COLLEGE    AND    APPRENTICE   TRAINING  481 

will  be  paid  to  students  who  leave  the  company's  service  before  the  end  of 
the  course,  or  who  may  be  liischarged  for  cause. 

The  coni{>aiiy  reserves  the  right  to  discharge  any  student  at  any  time  for  mis- 
behavior, unfaithfulness,  disobedience  of  orders,  improper  conduct  or  contin- 
ual failure  to  comply  with  the  rules  of  the  company. 

During  the  first  quarter  year,  or  685  hours,  students  will  be  considered  as  on 
trial  and  may  be  discharged  during  or  at  the  end  of  this  period  if  the  company 
should  be  of  the  opinion  that  the  student  is  not  qualified  to  continue  the  course, 
or  for  personal  or  other  reasons  is  not  desirable  as  an  employee  or  as  an  associate 
of  other  students. 

Students  shall  be  subject  to  all  shop  and  office  rules. 

After  having  satisfactorily  completed  his  full  term,  or  such  shorter  term  as 
the  company  may  decide  upon  in  any  individual  case,  the  student  will  be  given 
a  certificate  certifying  to  the  same,  which  will  be  signed  by  the  superintendents 
of  the  works  where  he  has  been  employed,  and  the  heads  of  other  departments 
in  which  he  has  worked. 

17  It  is  seen  from  the  letters  and  the  descriptions  of  the  courses 
that  they  are  laid  out  by  practical  men  for  the  purpose  of  training  the 
young  graduates  for  positions  of  responsibility.  In  all  cases,  so  far 
as  the  author  has  observed,  the  student  is  passed  from  department  to 
department  until  he  has  fairly  mastered  the  fundamental  details  of  the 
entire  business.  In  most  cases,  in  addition  to  shop  work,  erecting, 
etc.,  the  man  also  must  pass  through  courses  in  the  designing  rooms 
and  the  commercial  departments.  Though  schedules  are  arranged 
they  are  not  always  followed  out  exactly,  as  in  some  cases  a  young 
man  shows  proficiency  in  certain  lines  of  work,  while  in  others  he 
needs  extra  time,  though  it  is  to  be  presumed  that  the  time  allow- 
ance for  each  division  of  the  course  is  proportioned  to  meet  the  require- 
ments of  the  average  student.  To  all  appearances  the  schedules 
made  out  for  the  men  are  based  purely  upon  what  will  form  the  best 
training,  without  special  regard  to  what  will  bring  the  best  labor 
return  to  the  corporation.  Thus  far  the  student  engineer  courses 
seem  to  be  fairly  well  established  at  quite  a  number  of  places. 

STUDENT   RECORDS 

18  One  of  the  important  features  of  these  courses  is  the  keeping 
of  systematic  records  of  the  students.  Probably  the  most  satisfac- 
tory method  is  to  hold  the  foreman  of  each  department  in  which  the 
students  are  employed  responsible  for  the  records  of  their  depart- 
ments. These  records  should  be  turned  in  weekly  to  the  superin- 
tendent of  students  whose  duty  it  is  to  keep  them  on  file  and  enter  the 
individual  reports  of  foremen  upon  cards  made  to  cover  the  entire 
course.     Such  a  system  places  the  foreman  much  in  the  position 
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with  refpivnce  to  these  young  men,  as  their  instructors  were  while  in 
college;  it  has  the  advantage  not  only  of  giving  the  officials  of  the 
company  full  information,  but  tends  to  interest  the  foremen  in  the 
students  and  to  lead  them  to  do  all  they  can  to  maintain  this  prac- 
tical post  graduate  college  work. 

19     The  following  record  is  a  general  form  such  as  is  kept  by  the 
General  Electric  Compan}^  and  shows  a  satisfactory  arrangement. 


Name 
Doe,  John 


Check  No. 
23 


Engaged 
3-21-05 


Left 
3-22-0(J 


Section 

Time  spent  in 

section               Day  or 
1                       night 
from     1        to 

Techni-      ^    , 
cal    abil-    Indus- 
ity               try 

Prompt- 
ness 

Accu- 
racy 

Energj' 

A 

A 

A 
A 

B 

A 

A 
A 

Government. . . 
Induction  Motor 
Slow  speed  .... 
Floor 

3-21-05    5-21-05         D 
5-21-05    8-20-05        N 

B                 A 
B                A 

B 
A 

No.  16 

8-20-05  12-17-0.5 

N 

A                A 
A                A 

A 

Transformer  . . . 
Railway  Motors. 
Turbine 

12-17-05 

3-22-06 

N 

B 

No.  23,  etc 

Berme  bank. . .  . 

Calculating 

Switch-board. . . 
Resistance  meas 

Address,  320  Hulett  St.     Home,  Albany,  N.  Y. 

Notify  Mr.  John  Doe,  23  Hawk  St.     Home,  Albany,  N.  Y. 

Nationality:  American,     Age:  22,     Class  of  work,  special. 

College:  Eureka  College,  1904. 

Inst.  Books  spec.  732  OK.  A.  C.     D.  C.     Trans.     Tur. 

Rheo.     C.  B. 


The  grade  reports  are  made  by  the  foremen  of  each  department, 
and  are  entered  upon  the  young  man's  card  in  the  record  file.  The 
grades  are  specified  in  letters  and  A  is  a  higher  grade  than  B.  On  the 
reverse  side  of  the  card  are  columns  for  absences  and  their  causes, 
rates  of  compensation,  work  desired,  and  positions  held  by  the  stu- 
dent after  leaving  the  course. 

20  Such  a  system  as  this  shows  quite  clearly  the  capability  of  a 
young  man,  and  enables  those  who  are  employing  men  on  the  regular 
staff  of  the  works,  or  those  who  are  sending  them  to  customers,  to 
make  selections  intelligently.  It  might  be  desirable  to  add  two  col- 
umns to  those  given  upon  the  record  card  above,  namely,  neatness 
and  tact. 
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21  In  the  early  history  of  these  courses  apparently  little  system 
was  applied  in  the  following  up  of  the  young  men,  and  there  was 
danger  of  the  boy  who  did  not  have  much  self  assertiveness  becoming 
lost  in  some  department  where  he  had  learned  to  do  some  one  thing 
to  the  satisfaction  of  his  foreman.  In  all  such  cases,  where  the  young 
man  had  sufficient  aggressiveness  to  go  to  the  proper  officials  of  the 
company,  he  was  usually  able  to  have  the  difficulty  rectified.  Never- 
theless, the  lack  of  system  in  this  regard  was  a  serious  weakness,  both 
from  the  standpoint  of  the  corporation  and  the  student.  For  instance, 
in  the  early  days,  I  frequently  had  young  men  who  were  pursuing 
the  student  courses  write  me  stating  that  as  far  as  they  could  observe, 
the  result  of  their  best  endeavors  was  apt  to  go  unheeded  and  their 
chances  for  advancement  were  slim.  Of  course,  this  was  an  exag- 
gerated feeling  of  the  young  men,  thrown  as  they  were  among  thou- 
sands of  skilled  workmen,  and  not  a  true  statement  of  the  facts. 

22  On  the  other  hand,  in  student  courses  which  lacked  careful 
centrahzed  supervision  and  a  system  of  individual  grading  it  was 
difficult  to  advance  the  young  man  with  discrimination  and  judg- 
ment. This  frequently  gave  the  showy  youth  an  advantage  over 
the  diligent  and  thorough  workman. 

23  Not  only  should  such  records  as  spoken  of  above  be  kept,  but 
the  foreman  should  be  made  to  understand  that  it  is  his  duty  to  see 
that  the  young  men  have  become  sufficiently  well  trained  in  his  depart- 
ment before  they  are  permitted  to  be  transferred  to  other  work.  In 
the  case  of  students  of  a  special  aptitude,  the  time  required  could 
well  be  shortened  from  that  of  the  average  schedule,  while  in  other 
cases  it  might  be  necessary  to  give  double  the  ordinary  length  of  time. 
This,  in  fact,  is  similar  to  the  method  taken  in  colleges:  thus,  if  a 
young  man  fails  in  applied  mechanics  while  pursuing  the  subject 
with  regular  classses,  he  must  either  repeat  the  work  in  another  class, 
or  employ  a  tutor  to  take  him  over  the  subject  again.  A  man,  who 
after  having  thus  attempted  a  subject  is  unable  to  show  the  proper 
preparation,  had  better  be  advised  to  change  his  collegiate  course  to 
some  other  line.  Likewise  a  young  man  working  in  one  of  the  depart- 
ments of  a  student  industrial  course  should  be  followed  just  as  care- 
fully and  if  he  shows  himself  incompetent  to  learn  the  business,  he 
should  be  promptly  dropped,  or  transferred  to  different  phases  of  the 
corporation  service. 

THE    FOREMEN    RESPONSIBLE MENTAL   TRAINING 

24  In  connection  with  this  subject  of  keeping  the  records  of  the 
young  men  which,  more  or  less,  involves  the  development  of  the  fore- 
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man  into  the  capacity  of  an  instructor,  I  wish  to  suggest  an  extension 
of  this  corporation  teaching  which  has  not  always  been  developed  to 
its  greatest  possibilities.  It  would  be  wise,  both  for  the  boy  and  for 
those  employing  him,  if  the  foreman  or  superintendent  should  assume 
even  more  of  the  attitude  of  instructor  than  is  now  the  case  and 
require  the  young  man  to  be  prepared  to  regard  questions  about  his 
duties.  Thus,  for  instance,  a  young  man  might  be  working  on  a  trans- 
former test  and  obtain  entirely  satisfactory  and  accurate  results,  but 
at  the  same  time  he  might  fail  to  expend  the  energy  necessary  to 
think  out  and  understand  exactly  why  and  how  the  various  steps 
were  taken — it  is  far  easier  merely  to  follow  directions.  A  few^  perti- 
nent questions  from  the  foreman  would  quickly  discover  such  lack 
of  depth  upon  the  part  of  the  student,  and  likewise  the  knowledge 
that  he  was  to  be  so  questioned  would  undoubtedly  spur  him  on  to 
reach  deep  into  all  the  work  he  had  in  hand.  Also  in  the  machine 
shop  a  few  questions  as  to  the  use  of  the  cutting  tools  which  were 
being  used  and  concerning  the  character  and  strength  of  materials 
in  the  product,  etc.,  w^ould  tend  to  develop  a  quahty  of  observation 
which  would  be  of  the  greatest  service,  not  only  to  the  student,  but 
to  the  corporation  after  the  man  had  reached  a  position  of  respon- 
sibility. This  method  could  be  developed  to  quite  a  high  state  of 
efficiency  with  advantage  to  all  concerned,  including  the  foreman. 
It  would  be  well  to  let  the  foremen  know  that  his  duty  to  follow  up  and 
get  not  only  material  but  also  mental  results  would  be  one  of  the 
bases  upon  which  he  himself  would  be  judged.  Training  of  this 
character  would  give  additional  data  for  record  which  would  fre- 
quently develop  the  strength  of  a  quiet  man  over  that  of  his  fellows, 
without  which  he  might  not  for  many  years  be  cUscovered. 

STUDENT    engineers'    CLUB 

25  In  the  engineering  apprenticeship  courses  we  come  to  another 
phase  which,  I  believe,  is  equally  full  of  possibiUties  for  improve- 
ment. Thus,  some  of  the  larger  corporations  which  have  had  student 
engineer  courses  established  for  some  years  have  clubs  for  the  men 
where  they  may  meet  together  socially  and  also  where  lectures  of  a 
technical  nature  designed  to  be  especially  helpful  are  delivered. 
The  Westinghouse  Company,  I  understand,  is  at  present  erecting 
a  very  handsome  edifice  which  is  to  subserve  this  purpose.  Up  to  the 
present  time,  so  far  as  I  know,  such  educational  work  has  been  vol- 
untary upon  the  part  of  the  young  men.  An  energetic,  active,  am- 
bitious boy  will  obtain  all  that  is  possible,  while  many  another  good 
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fellow  who  needs  a  little  spur  will  neglect  this  part  of  his  duties. 
These  clubs  are  most  useful  in  that  they  furnish  a  place  where  young 
men  can  get  together  with  the  more  experienced  engineers  of  the  com- 
pany and  discuss  problems  of  engineering  without  restraint.  They 
also  furnish  a  social  side  of  life  which  is  delightful  and  which  tends 
to  improve  the  esprit  de  corp  of  the  whole  student  body.  This 
latter  is  essential  to  the  success  of  any  corporation. 

REQUIRED  MENTAL  WORK 

26  A  further  great  step  in  this  important  educational  movement 
which  we  are  considering,  I  beheve,  will  be  to  extend  the  mental 
work  much  further.  The  voluntary  leaders  and  the  informal  dis- 
cussions of  the  clubs  will  undoubtedly  continue,  but  in  addition 
there  will  be  compulsory  work.  Courses  of  study  lying  side  by  side 
with  the  practice  in  the  shops  and  factories  will  be  laid  out  and  will 
be  directed  by  men  thoroughly  capable,  not  only  from  an  engineering 
but  also  from  a  pedagogical  standpoint.  The  corps  of  instructors, 
headed  by  a  trained  teacher  of  engineering,  will  be  drawn  from  the 
suitably  prepared  men  in  the  engineering  departments  of  the  cor- 
poration. The  young  men  will  be  required  at  stated  intervals,  hav- 
ing been  set  mental  tasks  parallel  to  their  practical  work,  to  appear 
at  regular  class  periods  before  the  members  of  their  corps  of  instruc- 
tors and  take  such  quizzes  and  receive  such  special  explanations  as 
may  be  found  desirable.  Such  an  advance  in  the  educational  move- 
ment as  this  must  perforce  appeal  to  every  educator  and  will,  I 
believe,  appeal  to  the  practical  engineer.  A  young  man  will  not  be 
left  to  himself  to  permit  his  mind  to  wander  away  from  the  consider- 
ation of  the  problems  which  will  transform  him  into  an  efficient 
engineer,  but  he  will  be  under  a  constant  spur  tending  to  lead  him 
to  improve  his  mind  in  a  way  to  insure  his  future  usefulness.  It 
may  be  argued  that  too  much  of  this  kind  of  study,  which  of  neces- 
sity will  be  done  after  a  day's  work  would  overburden  the  boy  and 
in  that  I  am  fully  prepared  to  agree;  but  it  is  not  necessary  to  carry 
the  work  to  that  extent.  Such  a  mistake  would  be  made  only  by  an 
over  enthusiast  who  lacked  a  knowledge  of  pedagogical  principles, 
and  it  is  well  here  to  state  with  emphasis  that  this  movement  is 
entirely  too  important  to  the  industrial  classes  of  the  United  States 
and  is  too  much  in  the  line  of  pure  education  for  the  pedagogical  side 
to  be  neglected.  I  believe  that  future  development  will  find  men  in 
charge  of  this  great  work  of  preparation  who  will  be  engineers  trained 
not  only  in  the  sciences,  but  in  the  theory  of  leading  as  well.     Even 
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in  our  technical  colleges  it  has  only  been  within  a  few  years  that  the 
importance  of  the  engineering  instructor  being  a  trained  teacher  has 
become  fully  understood.  Now,  the  call  for  such  preparation  is  evi- 
denced by  college  presidents  giving  thought  to  the  selection  of  men 
with  reference  to  their  teaching  as  well  as  their  practical  ability. 
I  have  seen  many  cases  where  men,  thoroughly  successful  as  designers 
or  in  other  positions  in  the  industries,  have  utterly  failed  when  endeav- 
oring to  impart  their  knowledge  to  college  classes  and  to  furnish 
the  inspiration  necessary  to  cause  their  men  to  get  the  best  out  of 
their  studies. 

27  In  this  teaching,  a  great  amount  of  time  need  not  be  taken 
from  the  regular  shop  work  since  these  young  men  are  college  grad- 
uates and  they  are,  therefore,  fully  enough  developed  to  carry  on  post 
graduate  study  with  comparatively  little  spurring  or  explanation  upon 
the  part  of  the  instructor.  Possibly,  a  meeting  by  the  instructor — 
preferably  with  each  man  individually— once  a  week  would  be  suffi- 
cient to  lay  out  and  comment  upon  the  work  to  be  done  and  to 
question  upon  that  already  accomplished. 

WILL    IT    PAY 

28  The  crucial  test  of  every  innovation  in  the  industries  is,  of 
course,  the  question,  will  it  pay?  The  courses  developed  as  they  are 
to  the  present  day  seem  to  be  worthwhile;  at  least  such  is  the  bulk 
of  the  evidence  that  has  been  obtained  from  the  somewhat  extended 
investigation  of  the  writer.  It  seems  that  the  courses  which  pay 
best,  to  recapitulate  some  of  the  statements  given  previously,  aim 
primarily  to  prepare  men  for  high  grade  engineering  duty;  the  return 
in  labor  received  during  the  course  being  held  as  a  secondary  con- 
sideration. Such  courses  employ  only  college  graduates — giving  pre- 
ference to  those  technically  trained — at  a  wage  upon  which  a  young 
unmarried  man  can  exist  without  loss  of  self  respect  if  he  is  not  extrav- 
agant. Sometimes  a  bounty  is  paid  at  the  end  of  the  course,  but 
its  utility  is  questionable.  The  length  of  most  of  the  successful 
courses  is  about  two  years  and  during  this  time  the  student  is  made 
more  or  less  familiar  with  the  details  of  the  entire  business  by  being 
moved  from  department  to  department.  The  foremen  of  the  depart- 
ments are  expected  to  teach  the  processes  to  the  students  and  make 
frequent  grade  reports  to  a  central  authority.  Careful  records  are 
kept  of  the  character  and  standing  of  the  students.  Clubs,  lectures, 
and  publications  are  furnished,  largely  at  the  company's  expense, 
for  the  purpose  of  teaching  them  and  of  inspiring  them  to  an  enthu- 
siastic interest  in  their  work. 
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29  Long  time  contracts  are,  as  a  rule,  either  not  called  for  or 
are  largely  a  formality,  as  students  are  not  wanted  who  do  not  care 
to  stay  of  their  own  volition  and  who  are  not  interested  in  and  loyal 
to  their  work. 

30  Such  courses  as  these  seem  to  give  satisfactory  returns,  finan- 
cially, by  furnishing  a  loyal  body  of  highly  intelligent  engineering 
talent  for  the  managing  and  engineering  corps  of  the  organization. 

31  Will  such  courses  pay  when  they  become  still  more  collegiate 
in  their  nature  by  adding  required  scientific  mental  study,  as  suggested 
earlier?  Though  it  is  understood  that  the  study  would  be  carried  on 
in  the  evenings,  from  one  to  three  hours  a  week  should  be  given  by 
each  student  to  his  instructors  and  a  large  amount  of  the  company's 
time  would  be  expended  by  the  instructors  themselves.  Experience 
is  wanting  to  answer  the  question,  though  a  school  for  ordinary 
apprentices,  maintained  by  one  of  the  western  railways,  bears  some- 
what upon  it.  This  school  is  carried  on  with  the  aid  of  the  instruction 
papers  of  a  large  correspondence  school.  Regular  instructors  have 
been  appointed  and  time  is  taken  from  working  hours  for  the  class 
work.  The  foremen  with  whom  the  boys  come  in  contact  and  other 
officials  of  the  company  join  in  highly  recommending  the  movement, 
not  as  a  philanthrophy  only,  but  as  an  excellent  business  proposition. 
It  is  claimed  by  concensus  of  opinion  that  the  added  intelligence  and 
interest  of  the  boys  more  than  pays  the  expense,  while  at  the  same 
time  a  body  of  unusually  well  trained  workmen  is  preparing  for  the 
service  of  the  company.  In  this  school  arithmetic,  algebra,  drawing, 
etc.,  are  taught. 

32  Suitable  mental  training  will  be  less  expensive  to  compass  for 
the  college  apprentices  than  with  the  younger  boys  in  the  school 
just  spoken  of,  and  should  yield  even  more  beneficent  results.  The 
highly  improved  training  obtained  by  those  who  are  able  to  graduate 
from  these  improved  courses  should  more  than  compensate  for  the 
slight  per  capita  extra  expense  involved. 

33  The  instruction  force  could  undoubtedly  be  kept  in  excellent 
condition  by  now  and  then  giving  some  of  the  younger  members  a 
year's  leave  of  absence  for  the  purpose  of  teaching  in  the  technical 
schools.  This  would  be  a  mutual  advantage  to  factory  and  school 
which  could  be  augmented  by  such  men  exchanging  positions  tem- 
porarily with  the  regular  college  instructors.  The  Pennsylvania 
State  College  in  its  electrical  department  has  already  taken  steps 
toward  obtaining  such  teaching  relations  with  the  industrial  com- 
panies to  which  it  furnishes  students,  and  it  is  believed  that  excellent 
results  will  follow. 
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ARE    EXTENDED    STUDENTS'    INDUSTRIAL    COURSES    NECESSARY 

34  It  has  already  been  shown  that  student  engineer  courses  have 
grown  to  their  present  proportions  on  account  of  the  positive  need  of 
men  more  highly  trained  than  is  ordinarily  possible  through  the  self 
education  of  the  so-called  practical  man.  As  courses  are  today  being 
inaugurated  in  various  divisions  of  the  industries  in  large  numbers, 
their  necessity  in  the  present  state  of  the  arts  seems  fairly  well  estab- 
lished. But  are  not  these  courses  now  sufficiently  advanced  where 
found  in  their  most  perfect  form?  Is  further  expense  as  I  have  pro- 
posed devoting  to  their  further  development  justified?  The  logical 
sequence  of  the  growth  of  both  industries  and  practical  education  in 
the  United  States  for  the  past  one  hundred  years  seems  to  answer  in 
the  affirmative. 

35  During  the  first  part  of  the  nineteenth  century  a  man  of  ordi- 
nary mental  strength  could  easily  understand  almost  any  of  the  indus- 
trial processes  of  the  day.  A  farmer  and  his  family  could  do  their  own 
manufacturing  and  could  maintain  their  own  transportation  lines. 
The  horse  was  the  accepted  source  of  power.  Later  at  the  time  of  the 
Civil  War — the  time  of  the  passage  of  the  Land  Grant  Act — indus- 
trial conditions  had  become  more  complex.  The  steam  engine  had 
become  a  common  burden  bearer  and  was  already  doing  wonderful 
things.  Our  people  were  becoming  less  bucolic.  Shops,  factories, 
iron  mills,  railroads,  telegraph  wires  were  spreading  over  the  country 
with  unimaginable  rapidity.  Yet  enough  sufficiently  well  trained 
men  to  guide  these  budding  industries  came  from  the  few  unusual 
boys  who  worked  their  way  unaided  from  the  bottom  to  the  top  and 
obtained  their  scientific  training  incidentally.  Technical  schools 
were  then  little  in  evidence,  but  the  need  of  something  of  that  kind 
was  beginning  to  be  felt. 

36  Consider  now  the  present  time.  Compare,  if  you  will,  with 
the  earlier  period  the  vast  railroad  systems,  the  enormous  steamships, 
the  great  power  plants,  the  manufacturing  establishments — each 
requiring  the  services  of  thousands  of  workmen — the  gigantic  mining 
operations,  the  intricate  telephone  S3'stems  reaching  into  every  ham- 
let of  the  country.  The  change  in  the  economic  condition  is  even 
more  remarkable  than  was  that  from  the  first  to  the  middle  of  the 
nineteenth  century.  The  technical  college  has  come.  The  simple 
and  practical  engineers'  collegiate  apprentice  course  is  here,  aiding 
in  drawing  together  Ininds  of  technical  men  probably  outnum- 
bering and  exceeding  in  proficiency  any  earlier  engineering  organ- 
ization in  the  history  of  the  world. 
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37  But  already  the  industrial  complexity  of  life  is  multiplying  so 
rapidly  that  a  still  higher  class  of  brains  must  quickly  he  supplied. 
Every  day  gives  evidence  of  this  fact.  For  instance,  as  this  is  being 
written,  the  new  steamship  Lusitania  is  making  a  great  burst  of 
speed  which  will  probably  lower  the  record  across  the  Atlantic  by 
several  hours.  But  to  do  so  she  had  to  have  within  her  hull  a  power 
plant  large  enough  to  light  and  heat  a  large  city.  This  is  but  a  single 
instance  of  the  rapid  progression  along  all  technical  lines.  Every 
appearance  indicates  that  during  the  next  few  years  there  will  be  an 
insistent  call  for  many  men  of  the  highest  mental  preparation.  These 
men  must  be  partially  trained  by  the  industrial  interests  themselves, 
seemingly  in  much  the  manner  I  have  outlined  in  this  paper.  It  will 
pay  to  begin  this  work  now. 

THE    DUTY    OF   THE    TECHNICAL    SCHOOL 

38  The  argument  may  be  maintained,  and  with  some  show  of 
plausibility,  that  the  government  should  bear  the  expense  and  trouble 
of  educating  its  people.  So  far  as  possible,  I  believe  this  is  so,  but 
the  college  or  university  must,  to  a  large  extent,  confine  itself  to  the 
teaching  of  the  fundamental  truths  of  nature  and  cannot  to  any 
extent  teach  the  details  of  each  specific  branch  of  industrial  business. 
This  latter  instruction  with  much  of  the  "theory"  that  accompanies 
it  must  be  given  in  the  shop,  mine,  or  factory. 

39  The  college  can  do  much  to  improve  conditions  by  giving 
extended  courses  of  five  and  six  or  more  years  as  is  done  in  the  form 
of  post  graduate  collegiate  work  today.  But  to  encourage  young 
men  to  thus  further  prepare  themselves,  the  industries  must  offer 
some  consideration.  At  present  the  six  year  college  man  usually 
starts  with  the  same  compensation  and  in  a  position  of  the  same  grade 
as  the  four  year  man,  which  is  certainly  discouraging  and  unfair. 
Such  a  condition  is  injurious  both  to  the  college  and  industries  and 
should  be  rectified. 

AMERICAN   INDUSTRIAL   SUPREMACY 

40  When  the  whole  social  and  industrial  fabric  of  France  had 
been  beaten  down  and  destroyed  by  one  of  her  brilliant  but  disastrous 
wars,  she  rose  in  prosperity,  almost  Phoenix  like,  largely  through  a 
system  of  practical  education  closely  allied  to  her  industries.  Many 
other  historical  instances  might  be  cited  where  such  education  has  for 
a  time  made  a  nation  a  world  leader.  The  spirit  of  the  Land  Grant 
Act  and  the  close  relation  it  has  formed  between  education  and  the 
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industries  has  already  done  much,  I  believe,  in  giving  the  United 
States  her  strong  position  among  the  nationsof  the  world.  The  leaven 
of  that  spirit  will  work  yet  further  by  bringing  these  two  elements 
into  much  closer  accord,  not  only  in  the  higher  grades  of  education, 
as  herein  suggested,  but  also  by  the  magnificent  movement  that  is 
now  just  stirring  our  political  institutions  and  which  is  destined  in 
the  form  of  a  wide  spread  system  of  industrial  education  to  prepare 
every  man  who  works  with  hand  or  brain  of  every  grade  "to  per- 
form justly,  skillfully,  and  magnanimously  all  the  offices"  to  which 
he  may  be  called.  Let  us  hope  that  as  the  nation  thus  grows  in 
industrial  perfection,  it  may  also  grow  in  appreciation  of  pure  culture 
and  art. 

DISCUSSION 

Dr.  H.  S.  Pritchett^  Professor  Jackson's  paper  touches,  as  it 
seems  to  me,  a  most  vital  question  in  our  industrial  and  educational 
work.  We  all  recognize  that  the  education  of  the  high-grade  engi- 
neer in  this  country  has  been  well  looked  after.  We  recognize  with 
equal  clearness  that  the  education  of  the  foreman  and  the  mechanic 
has  been  practically  neglected.  The  work  which  Professor  Jackson 
describes  is  intended  to  be  a  Unk  between  the  technical  colleges  and 
the  industries  and  to  serve  the  needs  of  the  class  of  men  to  whom  I 
have  just  referred.  It  is  an  interesting  spectacle  in  educational 
development  that  this  problem  should  be  undertaken  by  manufac- 
turers and  that,  up  to  this  time,  they  have  shown  more  interest  in 
the  matter  than  have  the  school  men.  Those  who  remember  the 
beginnings  of  engineering  education  in  this  country  realize  that  in 
the  movement  for  higher  engineering  education,  which  took  place 
some  forty  or  fifty  years  ago,  it  was  the  school  men  who  moved  first, 
and  a  long  time  elapsed  before  they  were  able  to  obtain  from  those 
who  employed  engineers  much  recognition. 

2  I  venture  to  make  this  single  suggestion.  All  of  us  reahze  the 
pressing  necessity  for  some  solution  of  the  problem  of  industrial 
training.  If  America  is  to  hold  its  own  in  the  world,  its  citizens 
must  be  trained  to  become  effective  economic  units.  That  end  will, 
in  my  judgment,  be  gained  only  by  cooperation  on  the  part  of  those 
who  teach  and  of  those  who  employ  the  young  apprentice  and  the 
solution  of  the  problem  will  be  possible  only  by  securing  at  the  same 
time  the  cooperation  and  good  will  of  those  who  are  to  be  taught. 

'President  of  the  Carnegie  Foundation  for  the  Advancement  of  Teacliing,  and 
of  the  Society  for  the  Promotion  of  Industrial  Education. 
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Prof.  Dugald  C.  Jackson  The  gentleman  who  prepared  the  prin- 
cipal paper  i'or  this  evening  obviously  has  an  axe  to  grind.  It  is  an  axe 
the  grinding  of  which  is  of  the  utmost  value  to  the  industries.  He 
wants  the  great  manufacturers  to  cooperate  more  heartily  in  the 
training  of  the  young  men  who  go  into  their  employ  and  who  are 
expected  to  become  men  of  importance  in  the  executive  and  engineer- 
ing ends  of  the  establishments.  This  is  desirable.  Indeed  it  is  neces- 
sary for  the  best  life  of  the  industries.  It  is  being  done  in  some  estab- 
lishments, but  it  ought  to  be  done  in  many  more. 

2  I  have  another  axe  to  grind.  It  looks  quite  hke  the  other 
gentleman's  axe.  At  least  the  handle  looks  quite  the  same.  But  it 
is  ground  to  a  somewhat  different  edge.  My  complaint  is  that  the 
industrial  establishments  and  the  engineering  schools  are  not  holding 
close  enough  together.  Professor  J.  P.  Jackson  speaks  of  exchang- 
ing instructors  between  the  instruction  forces  of  an  engineering  school 
and  of  a  great  manufacturing  company.  That  would  be  useful, 
doubtless,  but  it  is  only  a  drop — a  touch  and  go^ — toward  what  is 
really  needed.  In  Germany  there  have  been  close  relations  between 
the  technical  schools  and  the  manufacturers,  and  the  professors  and 
manufacturers  have  cooperated  in  the  most  intimate  fashion.  The 
difficult  problems  of  the  manufacturers  have  been  worked  upon  and 
worked  out  by  the  professors,  and,  in  many  instances,  the  professors 
have  been  the  honored  advisers  of  the  manufacturers. 

3  The  situation  is  quite  different  in  this  country,  and  it  seems  to 
me  that  our  condition  is  to  the  serious  disadvantage  of  the  industries 
and  also  to  the  work  of  the  engineering  schools.  The  question  is, 
How  can  this  situation  be  improved?  The  fault  has  been  on  both 
sides.  The  engineering  faculties  have  been  faulty  in  being  commonly 
made  up  of  inexperienced  young  men  who  are  idealists.  The  latter 
characteristic  is  important,  and  in  fact  is  essential,  but  it  needs  to  be 
balanced  and  squared  by  experience.  The  right  men  are  difficult  to 
obtain  and  the  engineering  schools  have  failed  to  hold  out  any  ulti- 
mate place  of  distinction  comparable  to  the  responsibihties  borne. 

4  Then  again  the  engineering  schools  have  worked  their  men  to 
the  limit  of  their  physical  endurance  on  the  immediate  duties  of  in- 
struction, and  often  of  very  elementary  instruction  at  that.  These 
have  been  serious  faults  of  the  engineering  schools,  and  there  also 
have  been  faults  on  the  side  of  the  manufacturers.  Some  of  the  engi- 
neering schools  are  now  rectifying  their  faults,  and  the  question  is — 
What  should  be  done  to  bring  the  engineering  schools  and  the  indus- 
trial concerns  into  more  intimate  dependence?  That  such  a  result 
would  bring  important  light  to  the  industries,  I  feel  persuaded  those 
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of  ycMi  who  liavc  pondered  tliis  (iiicstioji  will  agree.  But  the  ques- 
tion is  how  to  l)nii<j;  the  result  about.  It  can  be  done,  I  am  sure. 
It  only  requires  the  i)roper  kind  of  cooperation — cooperation  which 
may  call  for  some  getting  away  from  constrained  ideas  on  both  sides, 
but  a  kind  of  cooperation  which  can  be  brought  about  to  the  advan- 
tage of  both  parties. 

5  I  recently  had  the  honor  of  drawing  a  resolution  which  was 
passed  by  the  Society  for  the  Promotion  of  Engineering  Education, 
in  which  this  Society  and  certain  other  societies  of  coordinate  impor- 
tance are  invited  to  j  oin  with  the  Society  for  the  Promotion  of  Engineer- 
ing Education  in  studying  this  and  related  questions.  I  hope  that 
this  Society  will  accept  the  invitation  extended  to  it 

6  Now,  there  are  two  more  questions  to  which  I  wish  briefly  to 
call  your  attention.  One  of  these  questions  relates  to  the  graduate  or 
advanced  study  of  engineering  to  which  the  writer  of  the  paper  refers. 
The  majority  of  the  young  men  who  go  through  the  engineering 
school  courses  have  obtained  all  of  the  engineering  training  of  the 
academic  kind  which  they  are  capable  of  assimilating.  But  there  is  a 
considerable  proportion,  which  may  be  as  large  as  a  third  of  the  stu- 
dents graduating,  who  can  profit  largely  by  a  year  or  even  two  years 
spent  in  properly  supervised  graduate  study.  I  say  "  properly  super- 
vised" advisedly,  as  few  engineering  schools  appear  to  have  learned 
that  graduate  study  should  consist  of  the  broad  and  deep  study  of 
only  two  or  three  subjects,  and  the  student  should  be  thrown  largely 
on  his  own  responsibility  in  the  study  of  these  subjects  and  should 
not  be  harassed  by  getting  up  the  details  of  numerous  minor  sub- 
jects. 

7  It  is  to  be  remembered  that  the  better  engineering  schools 
are  not  trade  schools,  but  are  truly  professional  schools.  The  indus- 
trial corporations  ought  to  appreciate  men  who  have  had  this  addi- 
tional study  under  proper  auspices  and  should  place  them  on  a  dis- 
tinctly higher  level  than  the  men  who  complete  the  undergrg,duate 
course  only.  This  distinction  ought  to  be  made  because  the  young 
men  who  have  had  the  benefit  of  the  graduate  study  under  proper 
supervision  are  originally  picked  men  and  their  graduate  study,  if 
properly  arranged,  inevitably  adds  greatly  to  their  self-reliance, 
initiative  and  ingenuity.  My  experience  differs  from  that  of  the 
writer  of  the  paper,  as  I  have  found  that  the  industrial  organizations 
desire  to  employ  the  men  who  have  followed  graduate  study  in  the 
courses  that  I  have  had  to  do  with,  and  do  give  them  recognition  in 
advance  of  that  given  to  men  who  have  only  completed  an  under- 
graduate course.     On  the  other  hand,  it  must  be  remembered  that 
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very  few  of  the  engineering  schools  possess  concurrently  all  of  the 
requisites  for  successful  graduate  instruction,  namely,  a  teaching  force 
sufficiently  strong  in  numbers  and  in  experience,  and  adequate  space 
and  laboratory  facilities. 

8  The  last  question  which  I  have  in  mind  to  refer  to  relates  to 
the  so  called  Davis  bill  now  pending  in  Congress,  which  has  as  its 
object  the  appropriation  of  money  from  the  National  Treasury  for 
establishing  manual  training  high  schools  and  agricultural  high 
schools  in  each  of  the  several  States.  It  thus  purports  to  fill  the 
place  which  the  funds  derived  from  the  Morrill  Land  Grant  Act, 
referred  to  in  the  paper  of  the  evening,  might  have  filled,  had  they 
not  substantially  all  gone  toward  the  maintenance  of  the  distinctly 
scientific  instruction  and  research  in  agriculture  and  instruction  in 
engineering.  The  Morrill  Land  Grant  Act  may  properly  be  named 
the  greatest  influence  that  has  been  produced  in  purely  American 
educational  processes,  but  it  was  a  fortunate  condition — fortunate  for 
the  nation — that  the  processes  built  up  as  the  basis  of  that  act  have 
been  of  relatively  slow  growth  and  have  not  out-run  the  development 
of  educational  sentiment  and  expert  educational  knowledge  in  the 
land. 

9  Also,  it  is  notable  that  the  results  of  the  Act  are  most  strongly 
in  evidence  in  some  of  the  Western  States  where  the  colleges  enjoying 
the  benefits  of  the  land  grant  funds  have  grown  up  with  the  State  and 
have  been  kept  close  to  good  educational  practices  because  a  proper 
educational  sentiment  and  expert  educational  knowledge  has  devel- 
oped along  with  the  college  growth.  It  is  quite  another  thing  to 
appropriate  seven  or  eight  million  dollars  per  year  which  are  expected 
to  be  matched  by  an  equal  sum  appropriated  by  the  individual 
States,  and  require  this  money  to  be  expended  on  a  particular  educa- 
tional endeavor  for  which  methods  have  not  yet  been  perfected  or 
an  educational  sentiment  developed. 

10  I  believe  that  such  an  appropriation  might  be  wisely  made  if 
it  were  conditioned  upon  the  expenditure  in  each  State  being  made 
under  the  advisory  direction  of  an  expert  State  educational  commis- 
sion or  commissioner.  The  Davis  bill  fails  to  make  such  a  provision 
but  contains  the  vicious  probabiUty  of  the  money  being  spent  under 
the  direction  of  independent  county  boards  reporting  to  the  United 
States  Secretary  of  Agriculture.  This  is  a  matter  which  I  commend 
to  the  attention  of  the  members  of  the  Society  when  they  are  in  com- 
munication with  their  representatives  in  Congress.  They  should 
insist  upon  the  insertion  in  the  Davis  bill  of  a  provision  that  money 
appropriated  by  that  bill  shall  be  spent  only  under  the  advisory 


494  COLLEGE    AND    APPKENTICE    TUAINING 

direction  of  an  expert  educational   commission  or  commissioners 
appointed  in  each  State. 

Mr.  Bassett  Jones,  Jr.^  The  Morrill  Land  Grant  Act  states  that 
such  Stale  institutions  as  may  be  founded  under  the  terms  of  its  pro- 
visions shall  be  organized  "to  promote  the  libei'al  and  practical  educa- 
tion of  the  industrial  classes."  Perhaps  without  the  intention  of 
the  promoters  of  this  act,  this  unfortunate  bifurcation  of  the  object 
of  education  has  become  an  established  fact.  Colleges  for  the  incul- 
cation of  a  so-called  "liberal  education"  have,  both  in  meaning  and 
results,  become  distinct  from  the  technical  schools  providing  a  spe- 
cialized education  in  purely  technical  fields. 

2  A  liberal  education  is  practical  when  it  gives  the  student  an 
altruistic  aim  and  purpose  in  life,  regardless  of  the  particular  field 
to  which  his  energies  are  devoted.  A  technical  education  that  is  not 
liberal  in  this  sense  is  not  practical.  The  time  is  ripe  for  us  to  give 
a  broader  meaning  to  the  term  practical,  when  used  in  connection 
with  education  than  that  generally  applied  to  it  by  public  opinion. 

3  The  so  called  liberalizing  studies  should  not  be  made  separate 
from  professional  studies,  but  connected  with  them  in  every  possible 
wa}'.  Political  and  social  economics,  for  instance,  have  been  deeply 
affected  by  the  advance  of  science  and  engineering,  and  this  aspect 
of  these  topics  is  the  one  to  be  accented  in  schools  of  technology. 
The  engineer  has  also  perhaps  been  the  prime  maker  of  modern  history. 
The  study  of  engineering  history  and  its  bearing  on  the  solution  of 
modern  engineering  problems  has  been  strangely  neglected,  yet  the 
historical  method  is  likewise  the  method  of  engineering,  and,  in  fact, 
the  only  sane  method  of  attacking  problems  so  deep  in  their  effect 
upon  society  as  are  those  of  engineering  science. 

4  Technical  teachers  complain  that  perhaps  two-thirds  of  the 
student  course  is  now  given  over  to  subjects  not  connected  with 
engineering,  and  that  any  further  broadening  of  the  course  of  study 
would  be  positively  injurious.  But  is  it  not  a  fact  that  the  primary 
difficulty  lies  rather  in  the  approach  than  in  the  material?  There  is 
too  little  emphasis  on  the  connection  between  those  studies  that  are 
purely  technical  and  those  that  are  not.  Each  teacher  specializes 
too  much  in  his  own  field  without  any  consideration  of  the  relations 
of  his  subject  to  those  that  the  student  is  mastering  at  the  same  time. 
"Why,"  says  the  student,  "am  I  required  to  study  history  in  an 
engineering  school."  And  he  gets  no  answer  to  his  query  becau-se 
he  is  not  made  to  see  the  utility  of  historical  study  in  his  professional 
work  and  life. 

»  No.  1  Madison  Ave.,  New  York. 
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5  Professor  Jackson  shows  precisely  one  of  tlie  weakest  points 
in  engineering  education  of  today,  namely,  that  our  schools,  failing 
to  liberalize  the  student's  conceptions  of  nature  by  direct  contact 
with  practical  life  problems,  have  been  supplemented  by  what  in 
effect  is  a  post-graduate  course  organized  with  a  view  to  remedy  this 
defect. 

6  The  question  is  whether  it  would  not  be  possible  to  organize  the 
teaching  sj^stem  so  that  it  will  overcome  this  defect.  Is  it  not  pos- 
sible to  require  the  student  to  devote  at  least  three  of  his  four  months' 
summer  vacation  to  actual  money  making  labor,  under  the  mutual 
supervision  of  his  college  and  employer?  The  material  advantage 
gained  by  the  student  who  adopts  the  method  of  supplementing  the 
school  semester  by  a  period  of  actual  dealing  with  the  life  conditions 
of  his  profession  is  very  evident.  He  gives  something  which  no 
teacher  can  give  and  no  school  provide — a  sound  judgment — without 
which  a  man  is  not  worth  his  salt. 

7  One  great  advantage  of  such  a  combination  of  study  and  appli- 
cation would  be  to  clear  from  the  student's  mind  that  which  leads  to  a 
distinction  between  what  is  called  a  theoretical  man  and  a  practical 
man.  A  theoretical  man  is  one  who  lacks  definite  experience  in  the 
limitations  of  fact.  A  'practical  man  is  one  who  lacks  education  in  the 
development  of  ideas.  One  lacks  circumference;  the  other  lacks 
diameter,  and  the  net  result,  in  either  case,  is  a  lack  of  balance.  A 
man  who  is  to  be  more  than  a  mere  mechanic  must  have  a  theoretical 
knowledge  of  fundamentals.  On  the  other  hand,  the  man  who  lays 
claim  to  a  special  knowledge  of  theory — one  who  is  disposed  to  jeer 
at  experience,  as  many  young  graduates  are — soon  finds  in  the  absence 
of  controlling  facts  his  inability  to  achieve  concrete  results. 

Mr.  C.  W.  Cross^  With  special  reference  to  the  college  man  as  an 
apprentice  in  a  manufacturing  estabhshment  or  a  railroad  shop,  the 
author  wishes  to  say,  after  a  number  of  years  experience  in  shop 
work,  he  has  the  very  highest  respect  and  greatest  possible  admira- 
tion for  the  young  man  who,  without  the  spur  of  necessity,  has  the 
pluck  to  go  into  the  actual  work  of  the  shop  after  graduation  from  a 
technical  school.  This  practice  is  by  no  means  common,  but  the 
notable  instances  of  men  who  have  made  a  brilliant  success  of  their 
career  prove  the  wisdom  of  the  plan  of  actual  close  contact  with  shop 
conditions  as  the  only  means  of  learning  the  business  properly,  and 
at  the  same  time,  of  learning  the  most  important  feature,  the  hand- 
ling of  men,  which  can  be  learned  only  in  this  manner. 

'In  charge  Apprentice  Courses,  New  York  Central  Lines,  New  York. 
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2  There  are  many  instances  however,  where  the  young  man 
makes  the  serious  mistake  of  presuming  that  the  possession  of  his 
diploma  takes  the  place  of  energy  and  effort,  and  marks  him  as  a 
superior  person  and  all  he  has  to  do  is  to  "play  around  the  edges" 
of  the  business  for  a  short  time  and  then  reap  the  reward  of  his  supe- 
riority as  indicated  by  the  possession  of  the  diploma.  But  usually 
the  young  man  is  disappointed  and  instead  of  rapid  advancement, 
he  finds  that  other  young  men,  who  have  not  had  the  educational 
advantages  he  has  enjoyed,  are  being  promoted  around  him  and 
outstripping  him  in  every  respect.  Numerous  instances  of  this  kind 
prove  that  a  young  man  cannot  be  prepared  for  actual  responsibihty 
except  by  an  apprenticeship  that  enables  him  to  learn  the  details  of 
the  business  in  a  manner  that  will  make  him  a  genuine  product  and 
a  part  of  the  business. 

3  There  are  no  text  books  on  "horse  sense."  This  can  only  be 
learned  by  experience  and  contact  with  others.  Rare  instances  of 
the  short  cuts  achieved  by  some  man  described  as  a  "genius"  are  so 
infrequent  that  they  cannot  be  depended  upon  as  a  plan  to  be  followed 
by  the  great  majority. 

4  In  our  opinion  the  right  manner  for  a  college  graduate  to 
properly  learn  the  business  in  a  railroad  shop  is  to  enter  the  shop  as 
a  regular  apprentice,  with  an  understanding  that  he  will  be  given 
credit,  in  time  and  pay,  on  his  apprenticeship  on  account  of  previous 
experience  in  school  shops,  or  the  equivalent.  This  practice  is  the 
only  one  to  give  the  young  men  the  kind  of  training  needed  for  their 
success  and  advancement. 

t  5  The  reason  why  many  college  men  fail  in  railroad  service,  is 
that  they  have  not  had  the  right  kind  of  training  as  a  supplement 
to  their  education. 

6  We  believe  it  is  unwise  to  use  the  term  "special  apprentice" 
as  referring  to  a  college  graduate  who  goes  into  a  business  fpr  a  short 
special  training  for  promotion.  This  practice  is  a  handicap  to  the 
college  men  by  engendering  class  hatred  and  is  unfair  to  the  large 
number  of  worthy  and  competent  young  men  who  are  on  the  list  as 
regular  apprentices.  The  best  trained  minds  backed  by  the  proper 
practical  training  will  realize  the  advancement  merited. 

Mr.  W.  B.  Russell  Why  is  the  technical  graduate  so  useless? 
Because  he  has  spent  four  of  the  most  receptive  years  of  his  life  out 
of  touch  with  actual  shop  and  labor  conditions,  and  out  of  touch  with 
practical  commercial  hfe  and  ideas  of  cost,  economy  and  output. 

2     Special  apprenticeship  is  successful  only  in  electrical  works 
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and  even  there  it  does  not  touch  the  actual  shop  or  manufacturing 
end  of  the  business.  One  of  the  best  systems  in  the  country  turns 
only  7  per  cent  of  its  product  into  the  "works."  The  vast  majority 
of  manufactories  in  the  United  States  are  on  lines  of  work  which 
make  it  impossible  to  create  an  atmosphere  suited  to  student  appren- 
ticeship. 

3  The  two  most  serious  needs  in  our  present  industrial  condition 
are,  a  The  need  for  skilled  mechanics;  b  the  need  for  industrial 
leaders  who  can  understand  men;  can  organize  tlieir  efforts  and  can 
cut  out  lost  motion  to  the  mutual  advantage  of  both  employer  and 
employee.  The  first  need  can  be  met  by  a  proper  system  of  regular 
apprenticeship.  The  second  need  can  be  met  by  the  technical  school, 
but  in  order  to  do  this,  two  more  or  less  radical  changes,  must  be 
instituted.  The  special  apprenticeship,  or  better  still,  regular  appren- 
ticeship, and  the  technical  course  should  be  carried  on  at  the  same 
time  instead  of  one  following  the  other,  and  the  present  courses  in 
mechanical  engineering  should  be  simplified  and  thereby  strengthened 
and  made  more  effective. 

4  In  regard  to  the  first  requisite,  many  colleges  are  already  requir- 
ing shop  work  during  vacations.  The  University  of  Cincinnati  is 
trying  with  success  the  method  of  alternate  weeks  in  school  and  shop. 
Any  method  will  be  satisfactory  that  gives  the  boy  an  intimate 
knowledge  of  shop  and  labor  conditions  during  the  receptive  period 
of  his  life. 

5  Referring  to  our  technical  courses,  the  author  takes  issue 
with  Professor  Jackson's  opinion  that  present  courses  should  be 
lengthened.  It  is  true,  as  stated  in  Par.  37,  that  "the  industrial 
complexity  of  Ufe  is  multiplying  rapidly,"  but  it  is  also  true,  as 
stated  in  Par.  38  that  "the  university  must  confine  itself  to  a  large 
extent  to  the  teaching  of  the  fundamental  truths  of  nature."  To 
judge  by  the  steady  cramming  of  courses  and  raising  of  entrance 
requirements,  the  fundamental  truths  of  nature  are  increasing  at  a 
terrific  pace. 

6  It  is  impossible  for  technical  courses  to  cover  all  the  varied 
apphcations  of  science  and  the  attempt  to  do  this  is  demorahzing. 
Manufacturers  do  not  want  men  who  know  it  all,  but  men  who  in 
this  "industrial  complexity"  can  get  back  to  fundamentals;  men 
who  can  think  and  who  can  tackle  new  problems.  This  type  of  man 
is  better  produced  by  a  thorough  training  in  a  few  subjects  than  by 
an  increase  in  the  number  and  grade  of  subjects  taught.  It  is  the 
story  of  the  arithmetic.  Each  author  made  his  book  a  httle  larger 
than  that  of  his  predecessor.     The  difference  lies  here;  the  writers 
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of  the  arithmetics  have  seen  their  error;  short  practical  books  are 
again  on  the  market. 

7  This  criticism  is  friendl}-;  the  author  graduated  from  what  he 
considers  the  best  technical  school  in  the  world,  and  he  wants  this 
school  to  have  a  part  in  solving  our  present  industrial  problem, 
which  is  one  of  the  most  serious  this  country  has  ever  faced. 

Mr.  C.  B.  Rearick  One  weakness  of  technical  schools  is  a  tend- 
ency to  encourage  men  to  proceed  with  studies  in  engineering  when 
they  have  no  natural  inclination  in  that  direction.  It  is  not  always  the 
schools  themselves  that  encourage  it,  it  may  be  the  parents,  or  it  may 
be  from  a  number  of  different  sources,  but  very  often  they  try  to 
make  an  engineer  out  of  a  man  who  would  make  a  better  doctor, 
or  a  better  lawyer,  or  a  better  business  man,  and  if  there  were  more 
conscientious  work  in  weeding  on  the  part  of  the  technical  schools, 
which  have  such  timber  in  the  early  stages,  perhaps  our  technical 
men  would  have  a  higher  stanchng  among  the  manufacturers. 

Dr.  Fred.  W.  Taylor  It  appears  to  me  that  in  the  chscussion  of 
Mr.  Jackson's  paper  perhaps  two  of  the  most  important  elements  in 
the  training  of  college  graduates  and  students  who  come  into  indus- 
trial life  have  not  been  touched  upon. 

2  The  intellectual  life  of  the  student,  up  to  the  time  of  his  leav- 
ing college,  has  been  almost  exclusively  that  of  absorption.  He 
has  been  learning  how  to  get  and  assimilate  knowledge  of  various 
kinds.  He  has  learned  perhaps  a  few  and  perhaps  many  facts  and 
principles  which  will  be  useful  to  him  later  on,  but  if  he  has  really 
done  well  he  has  learned  how  to  go  about  quickly  getting  and  assimi- 
lating whatever  facts  he  may  need  in  the  solution  of  any  particular 
problem  with  which  he  may  be  confronted. 

3  Briefly  stated,  again,  his  education  up  to  the  time  of  leaving 
college  has  been  learning  how  to  absorb.  After  leaving  college  and 
throughout  the  rest  of  his  life  his  chief  concern  will  not  be  absorption, 
but  construction;  he  will  have  to  learn  how  to  put  what  Uttle  knowl- 
edge he  may  have  into  effective,  practical,  every-day  use,  so  as  to 
obtain  definite  results. 

4  The  chief  function,  to  my  mind  then,  of  any  shop  work  which 
the  college  student  should  do,  either  during  vacation  or  immediately 
after  leaving  college,  should  be,  not  the  acquisition  of  additional 
information,  but  learning  how  to  successfully  use  what  information 
he  has.  The  graduate  or  student  who  starts  to  work  in  a  shop  should 
go  there  filled  with  the  idea  that  he  must  learn  how  to  do  a  good 
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ordinary  day's  work.  The  average  young  man,  on  leaving  college, 
however,  is  still  under  the  impression  that  it  is  most  important  for 
him  to  gain  additional  information.  Four-fifths  of  the  work  of  the 
engineer,  or  superintendent,  or  manager,  is  dull,  and  monotonous, 
and  demands  first  of  all  the  ability  on  the  part  of  the  man  to  endure 
plain,  ordinary,  disagreeable  work.  At  college,  while  the  intellectual 
work  of  the  student  is  often  severe,  it  is  always  interesting,  and 
presents  at  least  the  attraction  of  novelty  and  a  certain  stimulating 
excitement.  That  of  the  successful  engineer  or  manager,  however, 
is  monotonous  and  commonplace  by  comparison,  and  in  their  college 
training  they  have  not  been  taught  to  do  work  of  this  sort. 

5  The  chief  mistake,  then,  to  my  mind,  which  is  made  by  the 
young  college  graduate  who  comes  into  a  shop,  and  also  by  many 
of  those  who  prepare  the  shop  courses  for  these  young  men,  is  that 
they  have  their  eye  on  the  least  important  element  in  the  shop  train- 
ing. In  my  judgment,  many  unhappy  hours  would  be  saved  to 
the  students  and  months  and  years  of  partial  failure  would  frequently 
be  saved  them,  if  they  came  to  their  shop  work  with  the  idea  clearly 
fixed  in  their  minds  that  they  are  there  primarily  to  learn  how  to  do  an 
ordinary  day's  work  in  straight  competition  with  workmen  who  are 
earning  their  living. 

6  Next  in  importance  to  learning  how  to  work,  to  my  mind, 
comes  the  necessity  for  the  young  graduate  to  become  intimately 
acquainted  with  the  view  point  and  methods  of  thought  of  the  great 
mass  of  mechanics  who  are  working  for  their  living.  The  college 
man  should  expect  some  day  to  be  a  leader,  and  to  direct  the  work 
of  other  men,  and  unless  he  learns  how  to  talk  with  workmen  on 
their  own  level;  how  to  successfully  compete  with  them  in  doing 
every-day,  monotonous  work;  and  unless  he  acquires  a  certain  respect 
and  kindly  regard  for  these  men,  his  chances  of  ever  becoming  a 
successful  leader  are  comparatively  small. 

7  For  these  reasons  the  young  graduate  while  he  should  be  given 
a  good  variety  of  work,  still  he  should  not  be  put  to  work  on  jobs, 
specially  prepared  and  selected  with  a  view  to  having  him  absorb 
an  additional  amount  of  information  very  rapidly.  He  should  be 
given  a  daily  task,  right  among  the  mechanics  of  the  shop,  and  in 
keen  competition  with  them,  and  the  object  of  those  who  are  train- 
ing him  should  be  to  see  tluit  he  does  a  good  big  competitive  day's 
work.  Tlie  young  man  who  succeeds  in  liolding  his  own  in  this  way 
with  other  workmen  comes  out  of  his  post-graduate  shop  coursed  with 
an  amount  of  self  respect  and  also  of  respect  for  the  men  around 
him  which  will  place  him  far  on  his  road  toward  success  as  a  leader. 
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It  is  for  this  reason  that,  on  the  whole,  the  system  of  apprentice- 
ship instruction  described  by  Mr.  Russell  as  in  use  in  the  New  York 
Central  shops*  appeals  to  me  as,  on  the  whole,  preferable  to  that  in 
use  in  the  General  Electric  and  Westinghouse  Companies.  In  the 
latter  companies,  if  I  am  rightly  informed,  the  young  college  men  are  in 
competition  with  one  another  rather  than  with  the  workmen,  and 
the  first  consideration  in  their  minds  is  that  they  are  there  to  absorb 
as  large  an  amount  of  additional  information  as  possible. 

8  I  believe  that  the  young  engineer  would  get  the  greatest  good 
by  taking  one  year  of  hard  practical  work  in  a  machine  shop  or  other 
industrial  establishment  right  in  the  middle  of  his  college  course; 
say  at  the  end  of  the  freshman  year.  He  would  come  back  to  col- 
lege from  a  year  spent  in  this  way  far  more  sober,  earnest,  and  deter- 
mined to  learn  and  make  the  most  of  his  college  opportunities.  I  am 
endeavoring  to  arrange  for  a  plan  of  this  sort  by  which  a  certain 
number  of  college  students  will  be  regularly  given  work  in  the  shops 
of  a  company  where  daily  and  severe  tasks  are  given  to  each  man, 
and  where  the  force  of  functional  foremen  and  instructors  is  ample 
to  see  that  each  man  does  his  full  day's  work,  and  that  he  uses  only 
the  best  methods  and  implements  for  doing  this  work. 

Prof.  William  D.  Ennis  There  are  some  practical  complica- 
tions in  the  development  of  the  special  apprenticeship  system  in 
ordinary  machine  shops.  These  shops  have  no  testing  departments 
or  other  special  places  particularly  adapted  for  utiUzing  technical 
men,  but  must  place  all  of  the  men  directly  in  the  productive  depart- 
ments, where,  as  Mr.  Taylor  suggested,  they  are  on  the  same  basis  as 
the  other  men.  Unfortunately  the  result  is  too  often  that  the  young 
college  men  "are  like  the  chaff  which  the  wind  driveth  away."  Some 
of  the  fault  of  this  is  with  the  men,  some  of  it  lies  with  the  schools, 
and  not  a  little  of  it  is  attributable  to  the  conditions  of  organization 
in  the  factories.  Furthermore,  a  surprisingly  large  percentage  of  the 
technical  men  remain  and  succeed,  although,  as  Mr.  Cross  intimated, 
they  are  heavily  handicapped  by  their  diplomas.  Of  those  who  do 
leave,  some,  of  course,  leave  for  better  positions.  If  the  technical 
men  were  wholly  undesirable,  manufacturers  would  not  want  them, 
and  they  certainly  do  want  them.  The  most  notable  thing  about 
this  question  is  that  these  men  are  wanted,  not  for  engineering 
positions,  but  to  l)e  trained  for  what  may  be  called  the  line  positions 
in  the  industrial  army.     In  the  old  organization  of  iiulustry,  there  was 

'  See  paper  "Industrial  Education"  by  W.  B.  Russell,  published  in  this  volume. 
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no  systematic  training  of  men  for  leadership.  I.eaders  developed 
by  a  process  of  natural  selection.  As  has  been  said,  this  produced 
admirable  men,  but  not  enough  of  such  men.  We  must  now  practice 
a  form  of  regulated  natural  selection.  All  manufacturing  is  engineer- 
ing. Superintendents  and  managers  ought  to  develop  from  among 
the  body  of  engineers  rather  than  from  among  the  clerical  force.  In 
this  respect  mechanical  engineering  and  mining  engineering  are  quite 
distinct  from  the  civil  or  electric  engineering  professions. 

3  The  study  of  the  last  two  branches  of  applied  science  results  in 
the  production  of  expert  engineers  who  should  thoroughly  know  one 
narrow  subject  and  should  be  able  to  master  its  applications  to  all 
conceivable  subjects.  The  mechanical  engineer,  however,  usually 
becomes  a  part  of  a  factory  organization;  in  which  he  is  required  to  be 
a  good  manager  rather  than  an  expert  machine  designer  or  power 
expert.  His  function  is  to  be  able  to  apply  to  one  specific  industry, 
all  of  the  principles  and  methods  of  engineering.  To  train  men  who 
can  do  this,  we  must  allow  them  to  grow  in  the  manufacturing  plant 
through  gradually  increasing  responsibilities,  insisting  upon  the  appli- 
cation of  engineering  methods  at  each  step.  To  carry  out  this  pro- 
gram, certain  requirements,  stated  by  Professor  Jackson,  are  essential. 

4  The  manufacturers  must  be,  as  they  usually  are,  broad  enough 
to  balance  a  present  annoyance  against  a  future  gain.  The  appren- 
tices must  be  given  a  fair  show,  and  should  be  under  the  general  charge 
of  some  high  grade  man,  preferably  an  officer  of  the  company,  who 
will  see  that  they  are  given  the  kind  of  training  that  is  planned  for 
them. 

5  By  this  is  understood,  not  their  being  retained  in  some  one 
department  where  they  have  learned  to  do  one  thing  chiefly  and  well, 
but  their  being  "shifted"  systematically,  regardless  of  considerations 
of  departmental  production,  in  order  that  they  may  get  the  well 
rounded  experience  that  the  manufacturer  finds  it  profitable  to  give 
them. 

6  The  most  vital  point  of  all,  however,  has  not  been  touched 
upon.  Our  technical  men  have  a  hard  time  of  it  for  the  first  few 
months  because  they  do  not  know  how  to  take  hold.  They  need 
teaching  in  the  policies  and  methods  of  the  manufacturing  plant. 
They  should  be  shown  how  in  actual  business  affairs  it  is  essential 
and  desirable  that  every  man's  work  be  accurately,  constantly  and 
comparatively  weighed  by  a  just  standard  of  value.  They  should 
learn  the  principles  upon  which  such  standards  are  established,  and 
that  most  fundamental  principle,  that  the  individual  work  alone  is  a 
small  factor  in  the  result,  while  the  cooperative  effect  of  many  men 
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workiufi  alonii  difTcroiit  lines  toward  a  common  end  is  an  overwhelm- 
ing factor.  To  .some  extent  we  can  teach  students  the  forms  of 
business  orp;anization,  the  principles  of  business  management  and 
correct  industrial  ideals.  Then,  when  they  take  business  positions, 
they  will  more  quickly  "get  hold."  The  same  training  ought  also 
to  teach  them  the  importance  of  straight  forward  self  reliant  effect- 
iveness and  the  abomination  of  half-accomplishment,  excuses  and 
philandering. 

AIr.  H.  L.  G  axtt  Mr.  Jackson's  valuable  paper  has  brought  out  much 
equally  valuable  discussion,  and  the  writer  feels  with  some  of  those 
that  have  alread}'  discussed  it  that  a  college  education  should  not 
entitle  a  man  to  special  consideration  but  should  make  him  indepen- 
dent of  it.  In  other  words,  if  his  college  education  is  of  any  value  to 
a  man,  he  should  on  account  of  it  be  less  dependent  upon  special 
privileges. 

2  The  greatest  defects  the  writer  has  found  in  college  graduates 
are:  their  inabiUty  to  carry  out  orders  exactly,  and  their  lack  of 
knowledge  of  how  to  do  a  day's  work.  The  writer  has  found  that  if  he 
can  teach  them  how  to  do  exactly  what  is  wanted,  and  how  to  do  a 
big  day's  work,  they  can  as  a  rule  soon  acquire  the  special  knowledge 
needed  to  make  themselves  very  useful. 

3  Following  this  idea,  the  writer  has  adopted  the  practice  of  giving 
college  graduates  simple  work  of  a  routine  character,  but  in  such 
quantity  as  to  keep  them  very  busy  all  day,  and  has  had  most  excel- 
lent results;  those  that  stood  the  test  almost  alwaj^s  advancing  rapidly. 

4  When  I  was  a  boy  I  often  heard  an  old  gentleman  whom  I  very 
much  admired  tell  a  story  about  Stephen  Girard.  It  seems  that  some 
time  in  his  career  Stephen  Girard  kept  a  hardware  store  in  Philadel- 
phia, and  on  a  certain  occasion  had  a  grind  stone  standing  on  the  side- 
walk. He  hung  out  a  sign  "BOY  WANTED."  Soon  a  boy  appUed 
and  was  hired.  He  was  told  to  go  and  turn  the  grindstone.  The 
boy  wanted  to  know  what  he  was  to  turn  the  grindstone  for,  and  was 
told  that  he  need  not  worry  about  that,  he  would  be  paid  for  it.  The 
boy  went  out,  looked  at  the  grindstone,  and  went  down  the  street. 
Other  boys  were  hired,  some  declined  to  turn  the  stone  at  all  and 
others  turned  it  for  a  few  minutes  and  quit. 

A  few  days  later  in  reply  to  a  comment  made  about  a  particularly 
efficient  boy  he  had,  Mr.  Girard  replied,  "That  boy  turned  the  grind- 
stone." 
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Mr.  Magnus  W.  Alexander  Annually  the  technical  colleges  of 
the  United  States  graduate  thousands  of  young  men  into  the  indus- 
trial field,  equipped  with  the  theories  of  their  professions,  lacking 
practical  experience,  except  for  the  small  amount  that  the  college 
laboratories  afford,  and  generally  unable  to  apply  the  theories  accu- 
rately and  effectively  to  the  practical  problems  of  the  engineering 
business. 

2  In  order  to  adjust  this  equipment  of  the  college  graduate  to  the 
industrial  requirements,  large  concerns  and  especially  manufacturers 
of  electrical  apparatus,  on  account  of  the  variety  of  their  apparatus 
and  the  rapid  development  in  their  designs,  have  established  "stu- 
dent courses,"  through  which  graduates  must  pass  before  joining  the 
engineering  staff  of  the  company.  The  course  usually  lasts  two 
years  and  prepares  for  positions  as  designing  and  estimating  engineers, 
construction  and  commercial  engineers  and  technical  salesmen. 

3  The  majority  of  technical  graduates  embrace  this  opportunity 
for  laying  a  broad  foundation  for  a  future  career  and  apply  them- 
selves earnestly  to  the  work.  Some  show  a  disinclination  to  enter 
a  student  course  and  advance  various  reasons  for  their  attitude. 
Unwillingness  to  work  long  factory  hours  for  a  comparatively  small 
compensation  is  one  of  these  reasons,  which,  however,  deserves  no 
further  consideration;  necessity  for  the  immediate  earning  of  a  larger 
income  for  financial  reasons  of  one  kind  or  another  is  a  more  plausible 
argument;  the  belief  that  the  college  laboratory  and  shop  practice 
courses  eUminate  the  need  of  further  instruction  concerning  the 
handling  and  testing  of  machinery  is  sometimes  encountered  and 
indicates  a  wrong  attitude  toward  and  a  misapprehension  of  the 
objects  of  a  student  course.  Many  times,  while  admitting  the  advan- 
tages of  a  training  through  a  student  course,  the  young  man  contends 
that  much  of  the  two  years  spent  in  this  way  is  wasted;  a  criticism 
which  finds  justification  in  the  fact  that  some  student  courses  are  con- 
ducted without  effective  direction,  and  lack  system  except  in  name, 
thus  reducing  the  course  to  a  time-serving  period.  No  doubt  a  well 
conceived  and  well  conducted  student  course  is  the  best  means  of 
initiating  the  junior  engineer  into  his  profession.  The  system  pre- 
vailing at  the  Lynn  Works  of  the  General  Electric  Company  is  a  con- 
crete example  of  recognized  efficiency,  and  a  brief  description  of  it 
may  prove  suggestive  and  may  assist  in  the  intelligent  consideration 
of  this  important  and  interesting  problem. 

4  The  General  Electric  Company  at  Lynn,  Mass.  manufactures 
a  large  variety  of  electrical  apparatus  besides  steam  turbines,  cen- 
trifugal air  compressors  and  other  mechanical  devices.     The  design- 
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ing  of  this  apparatus  and  its  constant  improvement,  the  supervision 
of  its  manufacture  and  erection,  the  development  of  new  designs 
and  new  applications  of  the  forces  of  nature,  and  last  but  not  least, 
the  selling  of  the  product  of  the  factory  call  for  a  constant  supply  of 
engineering  talent  and  service  of  a  high  order.  The  student  course 
of  the  company  is  designed  to  meet  this  demand;  it  admits  graduates 
of  technical  colleges  and  trains  them  during  a  period  of  two  years. 
The  object  of  this  course  is  to  give  practical  experience  in  handUng 
and  testing  General  Electric  apparatus;  to  fix  in  the  student's  mind 
thoroughly  the  practical  appHcations  of  the  theory  he  has  acquired 
at  college;  to  enlarge  his  engineering  knowledge;  to  offer  an  oppor- 
tunity for  becoming  acquainted  with  efficiencies  and  characteristics 
of  General  Electric  machinery  and  their  competitive  value  by  con- 
trasting them  with  the  product  of  other  manufacturers;  and  generally 
to  develop  the  young  man  along  the  lines  of  his  future  usefulness  to 
the  company. 

5  In  order  that  this  plan  may  be  carried  out  effectively  with  due 
consideration  for  each  individual  student,  a  Supervisory  Committee 
was  organized  about  two  years  ago,  consisting  of  the  superintendent 
of  testing  rooms,  who  is  in  general  charge  of  the  student  course,  and 
three  engineers  representing  different  departments  of  the  works. 
The  committee  meets  either  weekly  or  fortnightly  as  conditions  may 
require.  Each  new^  student  appears  before  the  committee  sometime 
during  the  first  three  months  of  his  service,  merely  to  be  introduced 
to  the  members,  who  question  him  as  to  his  future  intentions  and 
advise  him  as  to  the  best  way  to  accomplish  the  desired  end.  The 
committee  makes  a  note  of  its  general  impression  of  the  student, 
who  is  called  again  in  about  six  months,  when  he  is  examined  quite 
fully  with  regard  to  his  tlieoretical  and  applied  teclinical  knowledge, 
his  alertness  in  taking  advantage  of  the  educational  opportunities 
offered  by  the  course,  and  his  general  make-up.  This  examination 
is  repeated  usually  at  intervals  of  six  months,  though  sometimes 
oftener,  especially  in  cases  when,  on  account  of  a  previous  unsatis- 
factory examination,  the  student  has  been  placed  on  probation. 

6  The  examinations  are  conducted  by  the  individual  members  of 
the  committee,  not  with  any  desire  to  pick  flaws  in  the  educational 
armor  of  the  young  man,  but  rather  with  the  aim  of  assisting  him 
in  his  work  and  pointing  out  to  him  the  way  to  success.  The  com- 
mittee assumes  quite  frequently  the  role  of  a  prospective  customer: 
"I  have  decided  to  install  arc  lamps  in  my  factory  and  have  about 
made  up  my  mind  to  award  the  contract  to  the  X  Y  Co.  What  have 
you  to  say  to  this?"  may  be  a  question  put  to  a  student  who  has 
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already  had  experience  in  the  arc  lamp  department  and  intends  to 
become  a  salesman  of  the  company.  The  way  in  which  he  answers 
will  give  the  committee  a  cue  as  to  his  general  character  and  his 
probable  success  as  a  salesman. 

7  One  student  will  present  that  ambiguous  smile  that  indicates 
his  helplessness  in  meeting  the  situation,  if  not  his  ignorance;  another, 
in  boy-like  fashion,  will  blurt  out  with  his  advice  that  the  prospective 
customer  should  buy  from  the  General  Electric  Company,  and  will 
then  rest,  entirely  satisfied  with  his  answer;  while  another,  after  a 
moment  of  reflection  will  endeavor,  through  argument,  to  convince 
the  questioner  of  the  advantages  of  the  General  Electric  arc  lamps 
over  others.  The  committee  feels  that  in  this  latter  case  they  are 
dealing  with  an  embryo-salesman  who  is  now  picked  up  on  one  or  the 
other  of  his  statements  and,  step  by  step,  led  to  explain  the  theories 
that  underlie  the  operation  of  an  arc  lamp  and  govern  its  light  dis- 
tribution. The  prospective  engineer,  on  the  other  hand,  may  be  con- 
fronted with  an  inquiry  as  to  the  most  desirable  motor,  electrically 
and  mechanically,  for  driving  a  large  planer  in  a  machine  shop.  A 
quick  reply  is  not  expected  of  him;  a  few  minutes  of  reflection  and 
then  an  answer  based  on  scientific  argument  is  looked  for  by  the  com- 
mittee. This  question  with  its  accompanying  answer  gives  the  com- 
mittee a  splendid  opportunity  for  testing  the  student's  electrical 
knowledge  in  many  directions,  and  for  discovering  his  mechanical 
engineering  ability.  The  committee,  however,  does  not  rest  satis- 
fied with  a  discussion  of  the  appropriate  General  Electric  motor  for 
this  particular  purpose,  but  endeavors  to  find  out  from  the  student 
its  competitive  value  with  motors  of  other  manufacturers.  A  reply 
confessing  ignorance  as  to  the  characteristics  of  other  motors  is 
allowed  to  pass  only  at  the  first  examination  without  censure.  At 
that  time  it  is  pointed  out  to  the  student  that  the  reading  of  the 
advertising  pages  of  technical  magazines  and  a  study  of  the  pictures 
contained  therein  will  furnish  a  great  deal  of  information  of  the  work 
of  competing  manufacturers  from  whom,  furthermore,  descriptive 
catalogues  can  be  obtained  by  those  who  really  want  them;  the  impor- 
tance of  keeping  alert  in  obtaining  such  information  is  impressed  upon 
the  students. 

8  Thus  each  student  is  treated  individually  before  the  committee 
and  is  given  just  that  kind  of  advice  that  will  be  of  the  greatest  bene- 
fit to  him;  the  correct  sizing  up  of  the  young  man  at  his  first  appear- 
ance before  the  committee  is,  therefore,  of  great  importance.  After 
each  examination  the  members  of  the  committee  immediately  com- 
pare their  judgments  and  acquaint  him  with  their  estimate  of  him  and 
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their  advice  to  him.  The  committee's  opinion,  which  is  not  considered 
final  unless  unanimous,  is  recorded  in  the  minutes  and  a  card  index 
of  each  student  gives  a  running  record  of  his  development.  Toward 
the  end  of  the  two  years'  course  a  final  examination  of  each  student 
takes  place,  after  which  the  committee  endeavors  to  find  a  suitable 
position  for  him. 

9  The  practical  work  of  the  factory,  while  directly  under  the 
charge  of  the  superintendent  of  testing  rooms,  is  naturally  influenced 
by  the  work  of  the  committee.  Each  student  is  transferred  from  one 
department  to  another,  not  according  to  an  iron-clad  schedule  of 
time,  but  according  to  his  efficiency  in  any  one  part  of  his  work. 
Every  student  is  stimulated  to  get  the  right  conception  of  his  work 
day  by  day,  by  obtaining  light  on  any  doubtful  point  that  may  arise 
in  his  mind.  An  exchange  of  ideas  with  his  fellow  students  in  the 
factory  or  in  an  evening's  conversation,  or  the  refreshing  of  his  knowl- 
edge by  consulting  engineering  books,  may  clear  up  his  mind  on 
doubtful  points;  moreover,  the  superintendent  of  testing  rooms  or 
his  assistants,  and  the  engineers  of  the  company  stand  ready  to  assist 
with  advice.  Such  systematic  guidance  in  the  practical  work  in  the 
factory  and  the  supplemental  advice  of  the  committee  stimulate  the 
student  to  correlate  theory  and  practice  day  by  day;  to  think  logically 
and  with  a  perspective  of  the  real  issue  involved;  and  to  make  the 
most  effective  use  of  his  two  years'  apprenticeship. 

10  The  committee  contemplates  a  further  extension  of  its  use- 
fulness. Although  it  is  satisfied  that  every  student  who  has  received 
his  diploma  from  his  college  has  acquired  engineering  knowledge,  it 
has  frequently  been  appalled  by  the  utter  inability  of  some  students 
to.  perceive  the  right  relation  between  theory  and  practice,  and  to 
reason  from  effect  to  cause,  though  at  the  same  time  they  are  capable 
of  reasoning  from  cause  to  effect.  It  is  the  intention,  therefore,  to 
call  together  all  students,  in  groups  of  about  ten,  for  one  hour  per 
week,  when  just  such  questions  as  are  now  put  to  them  in  an  exam- 
ination before  the  committee  will  be  brought  up  in  relation  to  the 
successive  steps  of  the  practical  work  in  the  factory.  It  will  not  be 
a  weekly  examination,  neither  will  it  be  a  weekly  lecture;  it  might 
perhaps  be  called  a  "serninar"  in  which  the  members  of  the  com- 
mittee and  the  students  may  exchange  in  an  informal  way  practical 
engineering  ideas  according  to  a  preconceived  program.  I  feel  sure 
that  such  effort  will  be  productive  of  excellent  results  and  will  develop 
a  body  of  young  men  well  trained,  both  in  the  practice  and  theory  of 
the  engineering  profession,  alert,  efficient,  and,  no  doubt,  imbued 
with  a  spirit  of  loyalty  to  the  company.     What  more  valuable  asset 
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could  a  company  boast  of  than  a  staff  of  engineers  recruited  from  the 
best  elements  of  such  a  student  body? 

Prof.  C.  F.  Park^  Four  years  ago,  a  new  free  evening  school  was 
opened  in  Boston.  This  school  was  a  substitute  of  the  Lowell  Insti- 
tute for  its  advanced  lecture  courses  which  had  been  given  for  more 
than  thirty  years  by  professors  of  the  Institute  of  Technology. 

2  Among  the  different  classes  in  the  community  there  appeared 
to  be  one  which  had  hardly  received  the  attention  it  deserved.  It 
was  for  this  class,  the  foremen,  that  the  school  was  planned.  These 
men  receive  the  same  education  today  as  the  ordinary  mechanic,  and 
it  was  thought  that  it  would  be  a  great  benefit  to  the  community 
at  large  if  they  could  have  some  training  in  the  principles  of  applied 
science.  The  difficulty  of  finding  men  who  can  occupy  positions  of 
responsibihty  as  foremen  is  realized  by  all  who  are  connected  with 
the  management  of  mechanical  industries. 

3  To  attempt  however  to  train  young  men  separately  for  the 
position  of  foremen  would  be,  under  the  existing  organization  of 
labor,  an  impossibility,  as  the  foremen  must  continue  for  the  present, 
at  least,  to  be  promoted  from  among  the  workmen.  Therefore,  to 
give  them  such  an  education  as  is  desired,  it  is  necessary  to  train 
men  who  are  already  working  at  their  trade.  With  this  object  the 
"School  for  Industrial  Foremen"  of  the  Lowell  Institute  under  the 
auspices  of  the  Massachusetts  Institute  of  Technology  was  started 
and  is  yielding  very  satisfactory  results. 

4  The  school  comprises  two  courses,  one  mechanical  and  the 
other  electrical,  and  each  extending  over  two  years.  These  courses 
are  intended  to  bring  the  systematic  study  of  applied  science  within 
the  reach  of  men  who  are  following  industrial  pursuits  and  who  desire 
to  fit  themselves  for  higher  positions,  but  are  unable  to  attend  courses 
during  the  day. 

5  The  subjects  in  the  first  year  for  both  courses  are:  Practical 
Mathematics  (including  Calculus);  Elementary  Physics  and  Elec- 
tricity; Elements  of  Mechanism;  and  Drawing. 

6  The  subjects  in  the  second  year  mechanical  course  are:  Me- 
chanics; Valve-Gears;  Elements  of  Thermodynamics,  the  Steam 
Engine  and  Boilers;  Elementary  Hydraulics;  Testing  Laboratory 
(Resistance  of  Materials);  Steam  and  Hydraulic  Laboratory;  and 
Mechanism  Design  and  Elementary  Machine  Design. 

7  The  second  year  electrical  course  includes:  Valve-Gears; 
Elements  of  Thermodymanics,  the  Steam  Engine  and  Boilers;  Steam 

'  Director  of  Lowell  Institute. 
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Laboratory;  Direct  Current  Machinery;  Alternating  Currents;  Elec- 
tric Distribution;  Electrical  Testing  (Laboratory);  and  Laboratory 
of  Dynamo  Electric  Machinery. 

8  It  has  been  the  aim  to  adapt  the  courses  to  the  needs  of  the 
men  for  whom  the  instruction  is  intended  and  to  include  the  study 
of  those  principles  with  which  they  are  not  likely  to  become  familiar 
in  practice,  and  which  will  give  them  a  fundamental  training  in  those 
matters  that  will  be  of  the  greatest  value  to  them  in  the  work  in  which 
they  are  regularly  engaged. 

9  The  school  is  open  to  those  only  who  are  ambitious  and  willing 
to  study.  The  character  and  amount  of  the  instruction  is  such  that 
attendance  is  required  for  three  or  four  evenings  a  week,  and  men  who 
cannot  also  devote  considerable  time  to  study  away  from  the  school 
cannot  derive  full  benefit  from  the  instruction,  nor  perhaps  maintain 
their  standing. 

10  To  be  admitted  to  the  courses  the  applicant  must  be  at  least 
eighteen  years  of  age,  and  must  pass  entrance  examinations  in  Arith- 
metic, including  the  Metric  System;  Elementary  Algebra;  Plane 
Geometry;  and  Mechanical  Drawing.  In  addition  to  the  examina- 
tions, considerable  weight  is  attached  to  the  applicant's  occupation 
and  practical  experience. 

11  The  instruction  embraces  recitations,  lectures,  drawing-room 
practice,  and  laboratory  exercises;  and  is  given  by  members  of  the 
instructing  staff  of  the  Institute  of  Technology.  The  success  of  the 
instruction  is  due  in  part  to  the  fact  that  it  is  specially  adapted  to  the 
needs  of  the  men  and  is  making  them  more  efficient  in  their  regular 
occupations  and  qualifying  them  for  advancement  along  the  Unes 
in  which  they  are  working.  Text-books  are  used  in  many  of  the 
subjects,  but  in  some  of  the  work,  where  the  instruction  differs  widely 
from  available  books,  printed  notes  are  suppUed  to  the  students  at 
cost.  Many  of  the  lectures  are  fully  illustrated  by  apparatus  and 
experiments.  Written  tests  are  given  from  time  to  time,  and  prob- 
lems are  assigned  for  home  work  at  nearly  every  exercise. 

12  The  courses  are  undoubtedly  severe,  and  there  are  probably 
not  a  large  number  of  men  who  are  able  to  carry  them.  The  scholar- 
ship of  the  students  and  their  abiUty  to  continue  the  courses  is  deter- 
mined in  part  by  examinations,  but  considerable  weight  is  given  to 
the  term's  work.  Those  who  fail  to  keep  well  up  with  the  work  or 
to  profit  sufficiently  l)y  the  instruction  are  disqualified  to  continue 
the  course.  Those  who  complete  satisfactorily  the  I'cquinMl  courses 
and  pass  the  examinations  are  given  certificates. 

13  It  may  be  supposed  that  men  who  are  following  industrial 
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pursuits  during  the  day  are  not  in  a  condition  to  receive  instruction 
after  their  day's  hd)or,  and  that  instruction  under  such  concHtions  can 
be  of  but  little  profit;  but  it  can  l)e  safely  stated  that  for  the  four 
years  of  the  school's  history  the  men  have  spent  two  hours  at  the 
school  three  or  four  evenings  a  week  and  as  many  more  hours  at 
home  in  study  for  a  school-year  of  thirty  weeks  and  have  achieved 
thorough  efficiency  in  their  studies. 

14  The  shrinkage  in  attendance  has  been  comparatively  small. 
About  as  many  men  have  been  able  to  keep  up  with  the  standard  of 
scholarship  as  it  had  been  thought  wise  to  teach  in  one  section  in  the 
work  of  the  second  year.  The  size  of  the  first-year  class  has  been 
about  70,  and  that  of  the  second-year  class  about  50.  Ninety  men 
have  been  graduated  in  three  classes — about  30  in  each  class. 

15  A  great  variety  of  occupations  are  represented  in  the  school, 
but  usually  a  few  more  than  half  the  number  of  students  are  drafts- 
men or  machinists.  The  men  have  come  from  about  thirty  different 
companies  or  corporations  in  the  city  or  the  vicinity.  Their  average 
age  has  been  about  27  years  and  nearly  all  of  them  have  attended 
high  school  or  have  passed  through  that  grade. 

16  The  occupations  of  the  men  in  the  first  class  of  the  school  were 
as  follows: 

Blacksmith's  helper 1 

Car  repair  man 1 

Civil  engineer 1 

Clerk 6 

Draftsman 24 

Electrical  engineer 1 

Electrician 2 

Electric  railway  construction 1 

Engineer 3 

Engineer  of  construction 1 

Inspector,  switchboard,  wire,  meter 3 

Instrument-maker 2 

Laboratory  assistant 2 

Linemen  or  instrument  men 2 

Locomotive  firemen 1 

Machinist 14 

Manager  municipal  light  plant 1 

Meter  testing  or  installing  meters 2 

Ordnance  man 1 

Pattern-maker 1 

Station  agent 1 

Telephone  engineer 1 

Tool-maker 1 

Miscellaneous 5 
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17  These  men  have  attended  the  exercises  of  the  school  regularly; 
have  taken  deep  interest  in  the  inslrtiction,  and  have  made  untiring 
effort  to  (h)  the  work.  This  has  continued  to  the  end  of  the  course; 
and,  considering  the  circumstances  under  which  they  have  worked, 
the  results  have  been  surprising  as  well  as  very  gratifying. 

18  Much  attention  is  being  given  throughout  the  country  to  the 
training  of  the  technical  engineer,  but  little,  if  any,  to  the  training 
of  the  foreman  or  the  mechanic,  and  almost  nothing  is  being  done  to 
till  in  that  gap  which  lies  between  the  trained  engineer  on  the  one 
hand  and  the  partially  trained  workman  on  the  other.  The  country 
is  well  supplied  with  technical  schools  of  college  rank  which  are  turn- 
ing out  technical  engineers;  but  there  is  great  need  of  a  technical 
school,  of  high  grade,  whose  function  shall  be  to  train  foremen  and 
superintendents,  or  to  fit  men  to  occupy  such  positions.  We  have 
heard  a  great  deal  of  late  years  of  captains  of  industry;  but  the  effi- 
ciency of  the  industrial  art  depends,  in  a  very  large  measure,  and 
probably  to  a  constantly  increasing  extent,  upon  the  capacity  of  its 
non-commissioned  officers;  in  other  words,  upon  the  foremen. 

19  President  Wilson  has  said  that  "Colleges  are  not  planned  for 
the  majority;  they  are  for  the  minority."  So  this  school  for  foremen 
is  not  planned  for  the  great  mass  of  working  people  but  for  the  minor- 
ity of  that  class  who  are  not  uneducated  but  who  have  been  unable 
to  gain  a  technical  education;  that  class  which  has  the  ability  and 
the  enthusiasm  to  embrace  the  opportunity  to  gain  training  in  applied 
science  in  the  evening  at  the  same  time  that  they  are  following  regu- 
lar occupations  through  the  day  time. 

20  It  was  felt  when  the  school  was  planned  that  it  would  be  more 
valuable  both  to  the  men  themselves  and  to  the  industrial  community 
to  give  this  training  of  high  standard  to  a  comparatively  small  num- 
ber of  men  rather  than  to  give  training  of  a  lower  grade  to  a  large 
number  of  men.  That  there  is  a  demand  for  this  kind  of  instruction 
has  been  demonstrated  by  our  experience.  It  was  felt,  also,  that  a 
better  educated  class  of  foremen  would  be  a  benefit  to  the  community 
socially,  as  an  intermechary  class  between  the  employer  or  engineer, 
on  the  one  hand,  and  the  workmen,  on  the  other. 

21  Such  schools  as  this  free  evening  school  of  the  Lowell  Institute 
would  enable  men  who  are  earnest  and  capable,  and  who  are  unable 
to  attend  regular  day  classes,  the  opportunity  to  pursue  a  systematic 
study  of  applied  science  during  the  evening,  at  the  same  time  that 
they  are  working  through  the  day,  and  to  receive  training  of  high 
grade  in  the  same  subjects  that  are  presented  in  a  high  grade  me- 
chanical or  electrical  course:  training  that  will  aid   them  to  make 
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more  rapid  progress  and  to  advance  to  a  higher  point  than  would 
otherwise  have  been  possible.  Training  of  this  kind  will  not  only 
bring  more  enjoyment  and  a  higher  salary  to  the  man,  but  it  will 
put  his  whole  life  and  that  of  his  family  on  a  higher  plane  than  it 
would  otherwise  have  been.  Such  men  are  needed  in  our  mechanical 
industries. 

Mr.  W.  0.  Webber  At  the  Erie  City  Iron  Works,  in  1889-1894, 
the  writer  established  a  system  of  apprenticeship  in  which  the 
apprentices  were  paid  a  fair  rate  of  wages,  sufficient  to  enable  them 
to  live  properly  on  their  own  income,  and  besides  we  agreed  in 
the  apprenticeship  papers  that  if  the  apprentice  served  his  four  years 
faithfully,  at  the  end  of  his  apprenticeship  we  would  give  him  a  set 
of  signed  papers  showing  that  he  had  faithfully  performed  his  duties 
as  an  apprentice;  that  he  was  a  skilled  journeyman  in  the  particular 
line,  or  Unes,  in  which  he  had  served,  and  making  him  a  present  of 
$100. 

2  This  present,  or  bonus,  was  in  no  way  deducted  from  his  wages, 
but  was  purely  and  voluntarily  a  present  from  the  company  to  the 
apprentice,  to  enable  him  to  provide  himself  with  proper  tools, 
clothing,  and  otherwise  the  means  of  starting  him  out  upon  the  road, 
if  he  so  chose,  as  a  journeyman  machinist,  to  go  elsewhere,  or  stay 
with  us,  if  he  so  elected.  As  a  matter  of  fact,  all  our  apprentices 
stayed  with  us. 

3  At  the  beginning  of  their  third  years,  if  the  boys  had  proved 
intelligent  and  satisfactory,  they  were  taken  into  the  drafting  room, 
and  part  of  their  four  years'  apprenticeship  consisted  of  at  least  six 
months  in  the  drafting  room. 

4  The  fourth  year  was  considered  to  be  somewhat  elective,  i.  e., 
the  apprentice  was  given  the  choice  of  remaining  in  the  drafting 
room  and  completing  a  draftsman's  course,  going  into  the  pattern 
shop  and  learning  the  essentials  of  pattern  making,  of  entering  the 
foundry,  or  of  returning  to  the  erecting  shop  where  the  greater  part 
of  his  fourth  year  was  passed  on  the  testing  blocks,  making  dyna- 
mometer tests  and  taking  indicator  cards,  and  adjusting  shaft  gov- 
ernors, setting  valves,  etc.,  or  he  could  return  to  the  machine  shop 
proper,  where  he  acted  as  foreman's  clerk. 

5  We  also  had  other  apprentices,  for  instance,  in  the  foundry, 
who  took  nothing  but  an  iron  molding  and  brass  molding  course, 
excepting  that  they  had  the  opportunity  to  work  in  the  drafting 
room  and  learn  drawings  and  pattern  making;  we  had  also  pattern 
making  apprentices  who  had  an  opportunity  to  learn  something  of 
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molding.  Boiler  making  and  blacksmith  apprentices,  in  the  same 
way,  were  given  opportunities  to  learn  thoionghl}'  all  parts  of  their 
respective  trades. 

6  We  found  as  a  result  that  we  had  a  si)lendid  lot  of  embryo  fore- 
men on  hand.  Some  of  these  boys  are  now  proprietors  of  their  own 
shops,  and  are  invariably  doing  well.  We  exercised  great  care  in 
their  selection,  and  no  appUcant  was  taken  who  had  not  graduated 
at  the  high  school,  and  who  could  not  pass  a  pretty  stiff  examination 
in  the  three  "Rs."  The  result  was  that  an  apprentice  was  found 
to  be  the  only  person  out  of  some  thousand  employees,  including 
those  in  the  office,  who  could  do  cube  root  quickly  and  intelligently. 

7  We  always  had  from  a  dozen  to  twenty  applications  on  the 
books  from  high  school  graduates  desiring  to  enter  our  apprentice- 
ship system.  As  far  as  possible  we  took  them  in  the  order  of  their 
application,  their  intelligence  and  other  qualifications  being  equal, 
the  only  exception  being  that  the  sons  of  the  employees  of  the  com- 
pany took  precedence  over  outsiders, 

8  These  boys  were  encouraged  in  every  possible  way  to  perfect 
themselves  in  the  theory,  as  well  as  the  practice  of  their  trades. 
The  head  draftsman  established,  on  his  own  responsibility,  but  of 
course  with  our  sanction,  an  evening  school,  to  which  the  boys  could 
go  if  they  so  chose.  They  were  encouraged  to  ask  questions,  directly 
of  their  foreman  or  the  writer,  and  in  fact  the  writer  made  it  part  of 
his  business  to  have  a  close  personal  supervision  over  the  apprentices, 
which,  he  found,  resulted  in  the  apprentices  being  a  pretty  reliable 
barometer  of  the  discipline  and  morale  obtaining  in  the  shops  in 
which  they  were  working.  In  other  words,  what  a  bright  young 
apprentice  doesn't  know,  and  doesn't  see,  in  the  shop  where  he  is 
working,  isn't  worth  knowing. 

Mr.  D.  a.  Tompkins^  Following  a  proper  education  of  a  general 
nature  and  comprising  moral,  mental  and  physical  training  at  home 
or  in  the  kindergarten,  and  at  suitably  light  work  in  proper  propor- 
tion, there  comes  a  period  where  technical  education  is  begun  or 
where  real  work  is  entered  upon.  Industrial  work  requires  the  appli- 
cation of  both  science  and  art.  The  man  or  woman  who  is  both 
instructed  and  trained  is  capable  far  beyond  one  whose  training  or 
education  has  been  one  sided,  that  is,  in  a  college  only  or  in  a  workshop 
only. 

2     In  modern  industrial  Ufe  it  is  desirable  to  have  the  same  mix- 

iThe  D.  A.  Tompkins  Co.,  Charlotte,  N.  C. 
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ture  of  actual  practical  work  and  of  scholastic  and  technical  training. 
This  must  of  necessity  mean  scholastic  and  technical  schools  within 
reach  of  the  j'oung  working  people;  it  must  mean  the  maintenance  of 
common  schools  and  special  schools  with  teaching  adapted  to  special 
industries.  The  common  school  work  and  the  special  school  should 
both  be  coupled  with  an  apprenticeship  system  in  some  practical 
work.  Every  boy  and  young  man  should  have  an  apprenticeship 
connection  with  some  practical  work,  just  as  the  boy  on  a  farm  goes  to 
school  and  yet  has  always  more  or  less  to  do  with  farm  work,  not 
generally  by  design  but  by  force  of  surrounding  conditions. 

3  As  the  cry  of  the  kindergarten  teacher  is  ever  to  get  possession 
of  children  at  an  earlier  age,  so  an  apprenticeship  is  more  valuable  as 
the  boy  or  girl  is  started  young.  All  apprenticeship  work  of  young 
boys  and  girls  should  be  as  carefully  guarded  as  the  kindergarten 
work  of  infant  children,  but  it  is  exceedingly  important  that  the 
apprenticeship  age  should  be  reduced  rather  than  extended. 

4  In  a  plant  consisting  of  a  machine  shop,  foundry  and  pattern 
shop,  at  Charlotte,  N.  C,  the  author  has  developed  an  apprenticeship 
system  which  has  been  exceedingly  satisfactory  and  productive  of 
good  results.  The  idea  at  the  beginning  was  to  take  apprentices 
at  and  above  16  years  of  age,  and  none  younger.  All  our  experience 
has  shown  that  16  years  is  entirely  too  old.  The  best  learning  period 
has  been  passed.  We  have  found  that  the  younger  the  apprentice 
is  indentured  the  better.  We  arrange  so  that  each  apprentice  shall 
be  under  a  sort  of  foster-father  care  of  a  journeyman.  The  work  of 
young  apprentices  is  during  part  of  the  vacation  of  the  common 
school  term  and  at  such  other  times  as  he  may  be  spared.  The 
apprenticeship  often  extends  throughout  a  college  course. 

5  The  terms  of  this  contract  include  a  designation  of  the  trade  to 
to  be  learned;  the  term  of  apprenticeship,  which  is  three  years;  and 
the  compensation  the  apprentice  is  to  receive  during  the  first,  second 
and  third  years.     The  agreement  continues  as  follows: 

By  mutual  consent  the  apprentice  may  interrupt  this  apprenticeship  service  to 
go  to  school,  but  shall  not  be  thereby  released  from  completing  this  ap^jrenticeship 
term  of  300  days  per  year  for  three  years,  or  900  days  all  told,  exclusive  of  inter- 
ruptions or  deductions,  either  on  account  of  school,  or  sickness,  or  any  other  pur- 
pose. At  any  time  in  the  first  six  months,  either  party  to  this  contract  may  can- 
cel it,  the  first  six  months  being  a  period  of  probation. 

Two  grades  of  certificates  will  be  given  as  follows: 

The  certificate  Class  A.A.  will  be  given  to  the  apprentice  who  has  averaged  6 
months  at  school  or  college  each  year  of  his  apprenticeship.  This  certificate  with 
a  general  shop  average  of  100  being  the  award  of  highest  possible  merit.  No 
apprentice  falling  below  a  general  shop  average  of  75  will  be  given  a  Class  A.  A.  car- 
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tifioalc  ovcii  Ihoiigli  lie  iii.iy  luivc  C()m])lic<l  witli  (lie  ie<tuin>meiit.s  of  six  iiiontlis 
at  school  or  college. 

ThecortificatcClass  A.  will  begivcii  fo  those  wlio  s(>rvc  tlic  full  .ipiJioiiticeship 
tonn  and  make  an  average  of  75,  or  above,  hut  who  a7-e  unable  to  attend  a  school 
or  college  as  required  above. 

The  CJeneral  Shop  Average  for  the  full  jipprcntieeship  term  will  be  determined 
from  the  weekly  report  cards  handed  in  by  the  department  foreman.  The  aver- 
ages on  the  weekly  cards  are  graded  as  follows: 

ATTENDANCE — 60  hours  per  week  are  100  per  cent. 

PROMPTNESS— Prom])t  during  the  whole  week  are  100  per  cent. 

("Good,  61  to  100  per  cent.  |'Good,  61  to  100  per  cent. 

CONDUCT   <j  Fair,  21  to  60  per  cent.        SKILL  {  Fair,  21  to  00  per  cent. 
[  Bad,  0  to  20  per  cent.  [  Bad,  0  to  20  per  cent. 

C  Good,  61  to  100  per  cent.  [  Good,  61  to  100  per  cent. 

DILIGENCE    i  Fair,  21  to  60  per  cent.     ACCURACY  I  Fair,  21  to  60  per  cent. 
[  Bad,  0  to  20  per  cent.  [  Bad,  0  to  20  per  cent. 

[Fast,  61  to  100  per  cent. 
RAPIDITY    I  Medium,  21  to  60  per  cent. 
[Slow,  0  to  20  per  cent. 

It  is  desired  that  each  apprentice  shall  take  a  vacation  of  one  month  in  each 
year  and  spend  it,  preferably,  on  a  farm  in  the  country. 

Each  apprentice  is  assigned  to  a  selected  journeyman  mechanic  who  will  look 
after  his  welfare  and  his  training. 

The  apprentice  may  be  discharged  at  any  time  for  such  cause  as  dishonesty, 
misrepresentation,  grossly  bad  conduct,  disobedience,  gross  neglect  of  duty,  or 
other  similar  offenses.  • 

The  apprentice  may  quit  at  any  time  if  wages  are  not  paid,  or  if  he  is  ill 
treated. 

6  The  foregoing  relates  to  industrial  education  where  common 
schools  and  colleges  are  used  for  scholastic  and  technical  training 
in  regular  courses.  Practically  the  only  fault  to  be  found  with  the 
colleges  is  that  they  are  not  accessible  except  to  a  limited  class.  The 
colleges  and  universities  with  their  immense  endowments  are  within 
the  reach  of  comparatively  few.  The  difficulty  is  threefold,  a  they 
are  inaccessible  to  the  working  youth,  h  the  cost  of  the  prescribed 
course  is  beyond  his  reach,  and  c  the  usual  course  of  four  years  must 
l)e  taken  bodily  out  of  the  working  life  of  the  young  man.  The  same 
is  true  of  State  supported  institutions.  The  colleges  and  universities 
stand  above  the  working  youth  and  refuse  to  give  that  special  scholas- 
tic or  technical  training.  Indeed  some  of  the  endowed  colleges  and 
universities  and  some  of  the  State  supported  ones  lay  such  stress 
upon  the  importance  of  a  four  years  course  of  scholastic  technical 
training  that  they  actually  spoil  what  might  have  been,  with  some 
practical  training,  a  very  capable  man. 

7  That  there  is  a  field  for  a  more  widel}'  diffused  education,  with- 
in reach  of  the  working  youth,  is  made  plain  l)y  the  growth  of  tlie 
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modern  correspondence  schools;  hy  the  wide  field  of  uscfuhicss  of  the 
modern  business  college  where  a  hoy  or  girl  goes  to  learn  some  speci- 
fic thing  well  enough  to  make  a  living;  by  the  success  of  the  educa- 
tional departments  of  the  Young  Men's  Christian  Association  and  the 
Young  Women's  Christian  Association;  l)y  the  necessity  in  l)ig  modern 
manufacturing  corporations  of  operating  special  schools  often  within 
the  works  and  by  the  schools  founded  by  and  in  the  big  department 
stores.  In  most  of  these  cases,  even  in  the  Christian  Association 
educational  departments,  the  instruction  received  is  paid  for  at  full 
cost.  This  is  nothing  against  these  institutions  and  it  is  to  their 
credit  that  they  give  to  the  working  people  that  supplemental  instruc- 
tion so  essential  to  make  the  common  school  education  practical 
in  earning  a  living.  The  only  reproach  is  that  with  all  the  gifts  by 
philanthropists  and  all  the  appropriations  by  States,  the  tendency  in 
the  institutions  founded  and  maintained  by  them,  the  education 
rarely,  if  ever,  reaches  the  real  working  boy  or  girl.  There  is,  with 
a  vast  number  of  working  people,  a  little  gap  between  their  common 
school  education  and  that  leavening  education  which  qualifies  the 
young  man  or  }oung  woman  to  "make  a  Uving"  for  themselves  and 
become  far  more  useful  to  the  community.  The  filling  of  this  gap 
may,  in  some  cases,  be  accomplished  through  the  correspondence 
schools,  the  business  colleges,  or  other  schools  but  for  the  young  man 
or  young  woman  who  is  in  manufacturing  pursuits  it  would  be  infinitely 
better  if  a  system  of  special  instruction  and  training  could  be  oper- 
ated in  the  midst  of  the  homes  of  the  working  people.  To  be  most 
useful  such  schools  would  have  to  take  instruction  to  their  very  doors; 
the  hours  must  suit  the  working  time  and  the  instruction  must  not 
interfere  with  the  regular  work  nor  diminish  the  regular  wages  of  the 
working  boy  or  girl. 

8  In  the  past  the  college  has  given  an  excess  proportion  of  mental 
training,  while  the  boy  or  girl  who  has  to  work  and  cannot  go  to  col- 
lege has  an  excess  of  practical  training.  In  the  field  of  common 
school  and  college  training  it  is  exceedingly  desirable  that  a  practical 
apprenticeship  be  coupled  with  the  school  and  college  course,  and 
that  for  the  boy  and  girl,  in  fact,  also  for  young  men  and  young  women 
there  should  be  schools  of  special  instruction  located  in  the  midst  of 
the  homes  of  the  working  people  with  subjects  taught  which  relate 
to  the  particular  trades  in  the  neighborhood. 

9  Further  appropriations  by  States  and  further  gifts  from  phil- 
anthropists would  accomplish  much  more  for  the  general  cause  of 
education  and  for  the  advancement  of  civilization  if  a  part  were 
applied  to  such  practical  education  than  if  given  to  institutions 
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already  licavily  endowed,  for  making  higher  education  come  still 
liigher.  The  writer,  far  from  deprecating  any  form  of  higher  educa- 
tion, thinks  it  i.s  (iuestional)l(!  wlu^thor,  after  reaching  a  certain  point 
of  cost,  any  further  expoiulilure  does  good,  ])ut  I'ather  does  harm 
by  increasing  costs. 

10  An  apprenticeship  in  early  life  which  would  entertain  the 
child,  as  children  of  the  farm  are  interested  and  entertained  by  tak- 
ing a  light  hand  in  the  work  of  the  farm,  would  save  the  child  from 
drifting  away  from  a  taste  for  work  and  would  give  an  apprentice- 
ship at  an  age  of  quickest  impressions. 

11  If,  in  addition  to  such  apprenticeship,  on  going  to  work,  the 
youth  could  spend  evenings  and  other  spare  time  in  schools  which 
would  still  further  increase  the  usefulness  of  the  common  school  and 
apprenticeship  training,  then  the  value  of  the  man  wovdd  be  increased 
three  to  tenfold. 

Mr.  G.  M.  Basford  It  is  not  pleasant  to  sound  a  discordant  note  in 
the  discussion  of  a  paper  so  carefully  and  thoughtfully  prepared, 
but,  speaking  from  the  standpoint  of  one  who  has  worried  about  this 
question  in  an  organization  of  21,00U  men,  it  seems  vitally  necessary 
to  point  out  an  error  which  is  now  serious  and  will  certainly  become 
more  serious.  It  is  well  to  provide  for  college  men  in  industrial 
organizations  but  the  experience  of  the  past  thirty  years  has  proved 
and  present  experience  is  proving  every  day  that  the  vital  need  lies 
not  in  college  men  but  in  the  shop  workmen  upon  whom  we  depend 
for  output  and  for  those  things  which  may  be  summed  up  in  one 
word — "results."  It  is  well  to  provide  for  the  college  men;  it  is, 
however,  a  mistake  more  serious  than  most  of  us  can  now  realize  to 
provide  for  them  unless  we  have  previously  put  our  shop  recruiting 
system  for  the  workmen — the  men  who  do  our  work — upon  a  proper 
basis.  I  cannot  find  the  words  to  say,  as  it  ought  to  be  said,  that 
college  graduate  apprenticeship  is  wrong  from  every  standpoint 
unless  based  upon  and  preceded  by  'a  proper  recruiting  system  and 
what  w^e  generally  understand  by  the  term,  "regular  apprenticeship." 

2  If  we  have  a  proper  regular  apprenticeship  system  we  have 
a  moral  right  to  deal  with  college  graduate  apprenticeship.  If  we 
have  not  such  a  system,  w^e  have  no  such  right  and  we  are  making 
an  error  for  which  we  shall  in  time  pay  dearly.  It  is  easy  to  realize 
that  this  is  not  a  popular  sentiment  to  express,  but  a  warning  is 
evidently  needed  lest  we  build  our  p3a-amid  upon  its  apex.  We 
stand  in  need  of  captains  and  a  few  subordinate  officers,  but  we  stand 
in  greater  need  of  an  intelligent  rank  and  file.     In  developing  the 
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first  class  let  us  not  kill  the  second.  If  we  had  a  good  organization 
as  to  the  rank  and  file,  the  captains  and  subordinate  officers  would  not 
constitute  a  problem.  It  is  from  the  rank  and  file  that  we  always 
have  and  always  will  develop  leaders.  We  shall  suffer  in  the  long 
run  for  any  policy  which  tends  in  any  way  to  discourage  ambition  in 
the  large  class  of  men  upon  whom  we  must  rely.  The  best  we  can 
do  for  an  industrial  organization  and  for  everyone  who  enters  it 
is  to  put  recruits  upon  an  actual  rather  than  an  artificial  footing, 
allowing  everyone  to  make  his  place  in  the  organization  in  compe- 
tition with  everybody  else.  The  company  already  alluded  to  has 
for  two  years  made  a  practice  of  taking  college  men  in  as  workmen  at  a 
living  wage  with  no  promises  and  no  special  privileges.  The  plan  is 
working  well  and  promises  well. 

Prof.  A.  A.  Hammerschlag^  I  had  no  idea  I  should  take  part  in 
this  discussion,  but  I  feel  I  owe  it  to  Professor  Jackson  of  State  Col- 
lege to  give  a  different  point  of  view  on  the  subject  which  has  been 
discussed.  The  function  of  the  technical  school  or  college,  as  described 
in  the  paper,  lays  too  much  emphasis  on  the  benefit  to  the  Indus-  • 
tries  and  too  little  on  the  duty  we  owe  to  the  individual.  Technical 
education  should  primarily  be  devoted  to  the  development  and  train- 
ing of  the  individual;  the  interests  of  the  industries  are  incidental  and 
of  secondary  importance.  The  industry,  by  reason  of  its  economic 
plan,  its  position  and  its  power,  invariably  cares  for  itself.  The 
student  cannot  be  cared  for  if  we  try  to  serve  two  masters,  one  the 
industries  and  the  other  the  student — they  are  diametrically  opposed 
by  their  selfish  interests.  The  industry  is  going  to  buy  as  much  as  it 
can  for  as  little  as  it  can,  if  it  is  a  well-organized„efficient,  financial 
corporation.  The  student  is  going  to  get  as  much  pay  as  he  can  as 
soon  as  he  works  and  therefore,  it  seems  to  me,  we  must  begin  with  a 
hypothesis  whose  financial  aspects  are  such  that  we  must  face  them 
in  discussing  the  question  of  industrial  apprenticeships. 

2  I  have-had  an  opportunity  during  the  last  two  or  three  years  to 
come  in  intimate  contact  with  a  great  many  apprenticed  students 
in  the  Pittsburg  district,  and  I  am  going  to  say  this,  that  I  believe 
that  the  apprenticeship  courses  are  run  for  the  benefit  of  the  indus- 
tries and  not  for  the  benefit  of  the  students  that  take  the  courses,  and 
that  the  rate  of  pay  to  these  students  makes  it  impossible  for  them 
to  live  the  right  kind  of  life  after  giving  sixteen  or  eighteen  years  of 
time  to  study  and  preparation.     With  living  conditions  where  they 

'  Director  of  the  Carnegie  Technical  School,  Pittsburg,  Pa. 
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iire  now,  it  is  not  possible  for  a  man  to  live  for  two  years  on  10  to 
15  cents  an  hour,  which  is  rather  less  than  we  pay  the  average  laborer 
for  digging  trenches.  Service  on  this  basis  destroys  his  loyalty,  and 
if  the  industry  does  not  get  his  loyalty,  it  does  not  profit  by  the  stu- 
dent whom  it  has  apprenticed. 

3  Another  phase  of  the  apprenticeship  question  makes  it  objec- 
tionable to  graduates;  it  is  a  paternal  system — it  raises  class  and  caste 
in  the  shop.  It  makes  the  men  and  the  foremen  resentful  when  they 
note  the  relationship  between  these  students  and  the  employer,  there- 
by destroying  harmony  and  good  will.  It  likewise  has  this  very 
definite  fault;  it  is  narrow  as  an  educator;  it  teaches  the  student 
merely  one  manufacturer's  output,  therefore,  it  is  evident  to  any 
employer  that  the  experience  and  knowledge  gained  commands  only 
a  narrow  market  and  if  that  is  his  sole  recommendation,  to  a  compet- 
ing manufacturer,  the  student  finds  it  almost  impossible  to  get  em- 
ployment that  is  lucrative. 

4  This  student  organization  apprenticeship  course  in  the  indus- 
tries seems  to  me  to  have  this  additional  defect,  it  is  demorahzing  to 
the  student  himself — like  a  man  who  is  being  nursed;  he  has  been 
leaning  on  his  parents  all  through  his  life  at  school  and  he  finds  he 
still  needs  someone  to  help  carry  his  burden.  It  makes  it  difficult  for 
him  to  develop  his  character,  and  see  the  result  of  his  educational 
preparations.  What  the  student  needs  more  than  anything  else  is 
something  to  individualize  him,  and  there  is  nothing  going  to  make 
a  man  of  him  unless  it  is  hard  and  keen  competition.  I  don't  know 
how  men's  characters  can  be  developed  unless  they  are  compelled 
to  fight  their  way.  It  seems  to  me  that  what  we  need  particularly 
in  the  industries,^  and  what  we  need  particularly  in  the  technical 
schools,  is  a  better  understanding  of  the  essential  training  and  edu- 
cation which  a  student  needs  to  succeed  immediately  after  gradua- 
tion in  holding  his  own  with  less  prepared  individuals. 

5  Professor  Dugald  Jackson  of  Massachusetts  Institute  of  Tech- 
nology and  Professor  Park  of  the  Lowell  Institute,  discussed  another 
phase  of  this  question,  dealing  with  a  clearer  understanding  between 
teaching  staff  and  practicing  engineers,  so  that  we  may  be  able  to 
supplement  in  the  school  what  the  industries  fail  to  give — a  species 
of  cooperative  education.  Personally  I  feel  that  this  movement 
which  has  occupied  our  attention  is  nothing  more  or  less  than  a  grave 
criticism  of  our  technical  educational  system,  and  it  has  led  the  indus- 
tries to  adopt  a  reversion  to  the  old  world  type  of  the  apprenticeship. 
It  is  crude  and  medieval,  but  it  is  effective.  Now,  if  it  is  effective, 
why  not  profit  by  some  of  its  good  points?  I  believe,  however,  the 
safest  place  to  put  this  system  into  practice  is  not  with  those  of 
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longest  school  preparation,  but  with  those  of  only  partial  preparation, 
bringing  about  thereby  active  cooperation  between  the  manufacturer 
and  the  workman.  It  seems  to  me  what  we  have  to  do  is  to  give 
these  men  who  are  ambitious,  who  have  abihty  and  aspirations,  a 
chance  to  rise;  and  then  for  those  who  have  completed  a  technical 
course  to  ask  the  industries  to  take  them  on  their  face  value. 

6  If  we  fail  in  this,  I  feel  we  are  spending  too  much  money  on  our 
school  trained  men,  and  too  little  of  it  in  training  those  who  must 
of  necessity  be  trained  in  the  industries. 

7  In  response  to  the  other  discussion  I  would  like  to  state  that  the 
Carnegie  Technical  Schools  have  had  a  most  cordial  cooperation  and 
assistance  by  the  industries  in  Pittsburg,  and  my  remarks  were  not 
made  with  respect  to  cooperation  in  that  district,  but  they  were 
made  with  the  hope  that  those  who  planned  courses  of  this  character 
would  do  well  to  pause  and  meet  this  problem  with  the  consideration 
that  it  deserves. 

Mr.  Calvin  W.  Rice  I  want  to  state  my  own  experience,  because 
I  think  it  is  different  from  what  Dr.  Hammerschlag  has  said. 

2  I  started  with  about  fifteen  other  fellows  who  happened  to  be 
in  my  apprenticeship,  and  worked  for  10  cents  an  hour,  and  hved  on 
it  nine  months;  I  could  have  lived  on  it  two  years,  if  necessary.  I 
paid  $1.25  a  week  for  my  room,  and  $3.25  for  my  meals  on  a  weekly 
ticket,  and  I  had  left  a  couple  of  dollars  for  spending  mone5^  To  be 
sure,  I  had  my  clothing  when  I  started,  but  this  item  did  not  cost 
much  because  I  wore  overalls  all  the  time.  It  w^as  popular  to  be  poor, 
and  I  think  it  is  possible  now,  as  I  know  it  was  then,  to  myself  and 
friends,  to  live  on  10  cents  an  hour  and  be  respectable,  and  to  get 
washed  up  after  the  day  and  make  a  social  call  in  the  evening  Uke 
any  other  person. 

3  These  are  facts,  and  I  have  been  through  the  experience.  After 
having  served  nine  months  as  an  apprentice  I  was  promoted  to  fore- 
man, first  at  $9  per  week,  and  then  $12,  and  as  such  I  have  handled 
probably  several  thousand  young  men  who  have  passed  through 
departments  under  me.  Each  of  those  young  men  received  10  cents 
per  hour.  They  were  certainly  alive  to  their  opportunity  and  the 
majority  developed  the  very  traits  which  Dr.  Hammerschlag  says 
must  be  developed  in  order  to  be  men.  In  less  than  two  years,  which 
was  the  length  of  the  course,  the  average  man  was  promoted  out  of  it 
and  into  a  practical  position.  The  facts  are,  I  think,  that  rarely  does 
a  man  remain  through  the  two  years.  He  is  sometimes  promoted 
out  of  the  course  in  six  months  into  a  position  of  responsibility.     The 
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demand  for  good  men  is  very  great.  They  are  sent  out  on  jobs 
very  soon  after  they  have  learned  even  a  smattering  of  the  assemb- 
ling of  parts  and  the  operation  of  machines.  They  are  also  sent  out 
to  install  apparatus;  they  meet  the  men  of  affairs  in  the  world  who  are 
purchasing  the  apparatus,  make  friends,  get  offers  of  good  positions, 
and  immediately  go  from  a  position  of  ten  cents  an  hour  to  a  position 
of  $15  or  $20  a  week,  on  the  outside,  and  it  is  impossible  for  the  par- 
ent company  to  keep  them. 

4  One  of  the  reasons  which  the  parent  company  has  for  paying 
this  low  wage,  is  that  the  mistakes  that  are  made  are  very  expensive. 
I  have  seen  a  young  man  make  a  mistake  in  connecting  up  a  dyna- 
mo, that  was  worth  perhaps  two  or  three  thousand  dollars,  causing 
its  destruction.  There  was  no  punishment.  If  he  were  discharged, 
a  promising  man  was  lost  to  the  company,  and  the  amount  of  damage 
could  not  be  taken  out  of  his  pay. 

5  Admitting  that  manufacturers  for  selfish  reasons  train  men  for 
their  ow^n  company  I  feel  that  thej^  are  doing  a  practical  service  and 
are  achieving  the  desired  results.  Now,  I  ask  for  information.  Spe- 
cifically what  do  you  want?  From  each  of  the  speakers  of  the  even- 
ing there  has  been  a  request  for  cooperation.  I  think,  if  you  are 
going  to  make  progress  you  should  specify  the  kind  of  cooperation 
you  want  that  you  do  not  have  now. 

6  I  am  personall}^  acquainted  with  the  men  in  several  of  the  larger 
companies  that  are  carr)dng  on  these  courses,  and  they  are  excep- 
tional men  to  whom  the  word  "cooperation"  is  a  life  motto.  Now, 
I  know  if  there  is  anything  lacking  that  you  can  suggest  specifically 
it  will  have  very  careful  consideration. 

7  Further,  you  know  very  well,  that  the  professors  of  the  colleges 
are  welcome  any  time  to  take  their  students  to  the  factories  and  stay 
there  a  week  or  longer.  On  the  other  hand  the  practical  men  at  the 
manufacturing  establishments  are  dehghted  and  feel  honored  by 
being  invited  to  come  and  give  lectures  at  the  colleges. 

8  Again,  men  from  the  Society  consider  it  a  great  honor  to  be 
called  on  to  serve  on  boards  of  visitors.  One  of  our  Council  considers 
it  a  great  honor  to  serve  on  the  Board  of  Visitors  to  Brown  Universitj^, 
to  visit  the  mechanical  engineering  department.  Here  then  are  the 
manufacturing  interests,  the  colleges,  and  the  societies  desiring  to 
cooperate,  and  I  think  this  meeting  will  accomplish  results  if  the 
gentlemen  here,  and  we  have  a  splendid  representation,  will  name 
specifically  what  is  needed. 
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Mr.  H.  F.  J.  Porter  In  order  to  arrive  at  the  solution  of  any- 
given  problem  in  the  shortest  possible  time,  it  is  always  desirable  to 
divest  it  of  all  the  extraneous  unnecessary  and  misleading  features 
which  surround  it. 

2  The  problem  before  the  Society  is,  as  I  understand  it,  How 
shall  the  industries  secure  their  skilled  workmen? — and  Prof.  J.  P. 
Jackson  proposes  that  the  colleges  cooperate  with  the  student  engineer- 
ing courses,  which  he  has  described  as  already  existing  in  manufac- 
turing establishments  and  in  which  he  sees  great  promise. 

3  Technical  education  is  not  a  new  subject  for  discussion  in  this 
Society.  It  came  before  it  at  its  first  meeting  in  1880,  and  I  trust 
it  will  be  brought  up  as  often  as  the  times  seem  to  warrant  its  con- 
vsideration.  New  fields  of  industry  are  continually  opening  up, 
inviting  workmen  to  enter  them,  but  as  practice  must  always  pre- 
cede theory,  so  the  courses  preparing  technically  skilled  workmen 
for  these  fields  must  inevitably  lag  behind  the  demand  for  such  work- 
men, and  the  needs  of  the  changing  situation  must  continuously 
demand  attention. 

4  Looking  backward  over  the  history  of  the  development  of 
industry  during  the  past  fifty  years,  I  think  that  technical  education 
has  taken  its  part  so  far  pretty  well.  The  question  is — How  shall 
it  continue?  Let  us  examine  Professor  Jackson's  proposition.  (The 
italics  in  the  following  quotations  are  mine.) 

5  In  the  first  place,  taking  his  premises, — The  closing  sentence 
of  Par.  8  states:  "For  eight  or  ten  years  such  student  engineering 
courses  in  the  industries  have  been  springing  up  in  large  numbers  all 
over  the  country."  The  closing  sentence  of  the  succeeding  Par.  9 
states:  "Today,  on  account  of  this  new  type  of  post-graduate  indus- 
trial education,  every  young  man  who  has  received  his  bachelor's 
degree  and  who  has  a  fair  modicum  of  brains  and  common  sense  has 
fields  innumerable  which  lead  to  positions  of  responsibility  and  use- 
fulness, etc."  Par.  34  states:  "Student  engineer  courses  have 
grown  to  their  present  proportions  on  account  of  the  positive  need, 
etc."  And  again,  in  the  closing  sentence  of  Par.  36:  "The  simple 
and  practical  engineers'  collegiate  apprentice  course  is  here  forming 
and  drawing  together  bands  of  technical  men,  probably  far  outnum- 
bering and  outclassing  in  proficiency  any  earlier  organization  in  the 
world." 

6  Now,  let  us  see  the  basis  of  Professor  Jackson's  statements 
regarding  this  great  educational  development  in  the  industries.  He 
says  in  Par.  7:  "  Early  in  the  past  decade  ....  certain  far-sighted 
manager^  connected  with  the  Westinghouse,  General  Electric  and 
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Western  Electric  Companies  and  other  industrial  concerns  had  been 
employing  some  of  these  men  (who  were  being  graduated  from  the 
scientific  colleges)  and  were  putting  them  through  a  more  or  less 
rigorous  course  of  preliminary  training."  Three  are  here  specifically 
named,  but  the  latter  of  these  I  know  personally  had  no  student 
course.  Again  in  Par.  12  and  following  he  quotes  from  letters  re- 
ceived from  men  now  directly  in  charge  of  young  graduates  at  the 
works  of  the  General  Electric  Company,  Westinghouse  Electric  and 
Maiuifacturing  Company,  Fairbanks,  Morse  and  Company,  Allis 
Chalmers  Company,  Western  Electric  Company,  Stanley  Electric 
Company,  Union  Switch  and  Signal  Company,  Baldwin  Locomotive 
Works  and  The  Pennsylvania  Railroad  Company; — nine  in  all,  includ- 
ing the  three  previously  mentioned,  but  of  these  I  know  that  only  the 
first  two  have  student  courses. 

7  Four  years  ago  while  I  was  engaged  in  reorganizing  a  depart- 
ment of  the  Westinghouse  Company,  I  suggested  to  Mr.  Downton 
whom  Professor  Jackson  mentions  as  being  in  charge  of  their  students' 
course,  that  he  write  an  article  on  his  department  for  the  "Engineer- 
ing Magazine,"  which  he  cUd.  At  that  time  he  corresponded  with 
other  concerns  about  the  country  to  learn  what  they  were  doing 
and  found  only  the  General  Electric  Company  doing  the  same  thing. 
He  found  that  the  Brown  and  Sharpe  Manufacturing  Company  had  an 
advanced  apprenticeship  system  as  did  the  Baldwin  Locomotive 
Works  and  R.  Hoe  and  Company,  but  no  students'  courses  such  as 
Professor  Jackson  describes. 

8  In  a  recent  issue  of  the  "Engineering  Magazine"  appears  a 
very  comprehensive  article  on  "The  Present  Status  of  Apprentice- 
ship Systems."  From  this  I  quote:  "In  a  few  plants  an  effort  has 
been  made  to  systematize  the  mode  of  evvploijing ,  instructing  and  pro- 
moting  apprentices.  The  classic  examples  in  America  are  Brown  and 
Sharpe  Manufacturing  Company,  R.  Hoe  and  Company  and  Bald- 
win Locomotive  Works. "  And  again,  "  Of  American  factory  schools 
there  are  but  a  very  few  worthy  of  serious  considerations.  The 
apprenticeship  schools  of  R.  Hoe  and  Company,  of  New  York,  The 
General  Electric  Works,  at  East  Lynn,  together  with  the  Casino 
technical  night  school,  conducted  in  connection  with  the  Westinghouse 
plants  are  the  notable  schools  of  this  sort. " 

9  Recent  inquiries  of  my  own  corroborate  this  information, 
namely,  that  there  are  really  only  two  such  student  schools  in  America, 
those  of  the  General  Electric  Company  and  The  Westinghouse  Elec- 
tric and  Manufacturing  Company.  The  reason  for  this  is  very  evident 
when  we  look  into  the  facts  of  the  ca.se. 
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10  In  these  days  of  close  competition  no  ordinary  commercial 
or  industrial  enterprise  can  afford  to  establish  and  maintain  a  tech- 
nical school.  Education  is  expensive.  The  technical  schools  about 
the  country  are  all  poor  and  constantly  soliciting  donations.  Unless 
it  can  be  reasonably  assured  that  its  student  body  would  remain 
with  it  permanently  no  enterprise  of  the  kind  referred  to  can  afford 
to  do  any  educating  except  to  the  extent  of  developing  the  skill  of  its 
employees  in  their  special  craft.  The  two  companies  mentioned  above, 
however,  are  not  of  the  ordinary  kind.  They  stand  in  a  class  by  them- 
selves. They  openly  state  that  they  purposely  educate  young  men 
whom  they  do  not  expect  to  stay  with  them,  in  order  that  they  may 
act  as  future  salesmen.  Quoting  from  the  letter  in  Par.  13,  which 
Professor  Jackson  received  from  the  man  in  charge  of  one  of  these 
schools,  the  last  paragraph  of  this  letter  states:  "In  fact  we  are 
just  as  anxious  to  have  a  good  man  with  our  customers  as  we  arerto 
retain  them  in  our  employ."  And  the  man  in  charge  of  the  other 
says  in  the  fifth  paragraph  of  the  letter  in  Par.  14:  "Seventy-five 
per  cent  of  the  men  will  be  given  positions  of  responsibility  in 
the  company's  service  or  be  placed  by  the  company  in  electric  Ught- 
ing  or  railway  work,  which  is  quite  to  the  company's  advantage, 
since  the  young  men  will  be  in  the  field  with  a  thorough  knowledge 
of  the  products  manufactured  here." 

11  I  do  not  know  of  any  other  industrial  concerns  in  the  country 
who  manufacture  a  commodity  which  so  specializes  its  workers  that 
after  they  leave  their  employ  they  are  fitted  only  to  become  consum- 
ers of  it  in  the  same  field.  This  field  is  practically  monopolized  by 
these  two  companies,  and  naturally  a  man  who  has  been  educated 
to  use  one  type  of  this  commodity  will  incHne  to  advocate  it  when 
the  opportunity  presents  itself.  These  companies  can  well  afford 
to  fill  the  country  with  well  educated  salesmen  to  whom  they  pay  no 
salary. 

12  But  these  two  concerns  educate  their  students  along  electrical 
lines  only.  Professor  Jackson  has  been  misinformed  if  he  supposes 
that  there  are  other  concerns  that  are  doing  this  same  Une  of  educa- 
tional work  in  other  fields.  He  says  that  every  young  man  who  has 
had  a  bachelor's  degree,  etc.,  can  on  account  of  this  new  type  of  post- 
graduate education,  take  this  course,  and  yet  I  am  given  to 
understand  that  there  are  from  1000  to  1200  students'  names  on  the 
lists  of  appUcants  for  admission  to  these  two  schools  alone.  Where 
are  the  other  schools  to  which  the  other  many  thousands  of  young 
men  with  bachelors'  degrees  can  go?  It  is  possible  that  they  exist, 
but  I  hq,ve  failed  to  find  them. 
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13  Tf  all  the  iiulustries  were  as  fortunately  situated  as  the  elec- 
trical, Professor  Jackson's  reasoning  would  appl}^,  but  they  are  not. 

14  R.  Hoe  and  Comi^any,  Brown  and  Sharpe  Manufacturing 
Company,  Baldwin  Locomotive  Works,  Warner  and  Swasey,  The 
McCormick  Plant  of  the  International  Harvester  Company,  The  Na- 
tional Cash  Register  Company,  The  Allis  Chalmers  Company,  The 
Santa  Fe  Railroad,  The  Colorado  Fuel  and  Iron  Company,  and  many 
other  industrial  establishments  have  apprenticeship  systems,  but 
such  systems,  not  quite  so  well  organized,  have  existed  for  years. 
The  National  Metal  Trades  Association  has  formulated  a  set  of  con- 
ditions which  is  recommended  for  incorporation  in  its  members'  ap- 
prenticeship agreements  for  their  improvement,  and  they  are  very 
elementary.  But  such  improvement  is  not  by  any  means  the  post- 
graduate technical  education  that  Professor  Jackson  means.  His 
premises  in  stating  his  solution  of  the  problem  are  based  on  mislead- 
ing data,  and  merely  confuse  the  discussion. 

15  Competition  is  compelling  every  enlightened  employer  to  secure 
the  best  help  he  can  and  improve  it  all  he  can  with  the  means  at  his 
disposal.  And  what  are  those  means?  First:  local  trade  schools 
as  for  instance,  in  New  York,  the  Cooper  Institute,  the  Achmuty  and 
Baron  de  Hirsch  Trade  Schools,  that  of  the  General  Society  of  Me- 
chanics and  Tradesmen,  and  others;  in  Brooklyn,  the  Pratt  Institute 
and  the  Polytechnic  Institute;  in  Philadelphia,  the  Franklin  Insti- 
tute and  the  Drexel  Institute;  and  the  Wilhamson  Free  School  of 
Mechanical  Trades,  Wilhamson  School  P.  0.,  Pa.;  the  Boston  Trade 
School,  that  of  the  Massachusetts  Charitable  Association  and  the 
Mechanic  Arts  High  School,  in  Boston;  the  Ringe  Manual  Training 
School,  Cambridge;. the  Technical  High  School,  Springfield;  the  Arti- 
sans School,  Syracuse,  N.  Y.,  of  which  our  Professor  Sweet  is  direc- 
tor; the  Armour  and  the  Lewis  Institutes  and  the  John  Worthy  School, 
Chicago;  the  Maryland  Institute,  Baltimore;  the  Tuskegee  Indus- 
trial Institute,  Va. ;  the  Cahfornia  School  of  Mechanic  Arts,  San  Fran- 
cisco. The  above  are  examples  of  many  that  are  scattered  generously 
over  the  country. 

16  The  Pennsylvania  Railroad,  the  New  York  Central  Railroad 
and  many  others  use  the  Young  Men's  Christian  Association.  Cor- 
respondence schools  are  doing  cooperative  work. 

17  Professor  Jackson  need  not  despair  of  the  lack  of  sources  for 
securing  instruction  for  ambitious  employees,  if  only  the  latter  are 
fortunate  enough  to  have  an  enlightened  manager  who  will  encour- 
age them  to  take  advantage  of  their  opportunities.  But  if  Professor 
Jackson  will  encourage  colleges  to  establish  courses  in  the  art  of 
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management  he  will  come  very  close  to  reaching  a  solution  of  the  prob- 
lem in  hand. 

18  The  majority  of  the  factories  in  the  country  are  not  fit  places 
for  self-respecting  mechanics  to  work  in.  They  are  dark,  badly  ven- 
tilated and  unsupplied  with  the  ordinary  amenities  of  modern  civih- 
zation.  The  foremen  are  illiterate  and  know  nothing  of  the  principles 
of  economic  management.  They  are  practically  slave-drivers.  They 
say  to  the  operatives:  "What  right  have  you  to  think?  I  will  do 
the  thinking;  do  as  you  are  told  and  do  it  quick,  that  is  what  you  are 
here  for."  Such  conditions  do  not  tend  to  encourage  employees  to 
seek  for  means  of  self-improvement. 

19  The  paper  of  Mr.  W.  B.  Russell  on  "Industrial  Education" 
which  deals  with  the  Apprentice  System  of  the  New  York  Central 
Lines,  is  to  my  mind  very  much  to  the  point.  Paragraphs  3,  17,  20, 
21a-b-i-j  and  22  contain  certain  principles  which  must  be  recog- 
nized as  essentials  by  the  management  before  any  kind  of  instruction 
can  be  effective.  As  Mr.  Russell  says:  "  In  comparison  with  these, 
mere  details  of  the  apprenticeship  system  are  absolutely  insignificant." 

20  A  few  colleges  have  already  established  schools  which  are 
preparing  men  to  fill  the  managerial  field.  The  Chicago  University, 
the  University  of  Illinois,  the  University  of  Pennsylvania  and  the 
New  York  University,  each  has  a  school  of  Finance  and  Commerce. 
Stevens  Institute  has  a  course  in  Business  Engineering.  The  Clark- 
son  Memorial  School  of  Technology,  at  Potsdam,  N.  Y.,  has  for 
five  years  been  doing  splendid  work  along  these  lines. 

21  The  human  element  must  receive  at  least  as  much  attention 
as  the  inanimate  machinery  which  is  so  carefully  preserved  and  kept 
in  order. 

22  It  has  been  said  that  selfishness  is  man's  dominant  attribute 
and  that  the  sooner  we  recognize  that  fact  the  better  we  will  under- 
stand the  human  nature  with  which  we  have  to  deal  and  will  save 
time  and  money  in  striving  for  ideals. 

23  If  this  be  true,  then  the  colleges  should  teaoh  that  enUghtened 
selfishness  will  pay  better  than  mean  selfishness;  that  the  ethical 
principle  in  the  golden  rule  is  an  economic  principle. 

24  Let  the  colleges  teach  that  the  one  difference  between  a  machine 
and  a  man  is  that  one  has  no  brains  and  the  other  has,  and  that 
it  will  pay  to  utilize  the  potential  knowledge  which  those  brains 
possess. 

25  Let  the  colleges  teach  that  the  way  to  meet  competition  is 
by  strengthening  one's  organization  by  development  instead  of  weak- 
ening it  by  squeezing  its  life  out  by  brutal  arrogance. 
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26  Let  the  colleges  teach  that  if  the  American  industrialist  does 
not  take  a  broader  view  of  the  field  than  is  presented  to  him  through 
his  shop  window  or  by  looking  over  his  back  fence,  he  will  awaken 
some  day  to  the  fact  that  his  sordid  selfishness  has  caused  him  to 
yield  to  the  enlightened  methods  of  Germany. 

27  Let  the  colleges  teach  the  manager  to  give  attention  to  the 
health,  the  morals  and  the  mental  development  of  his  workingmen, 
and  he  will  find  that  healthy,  sober,  intelligent  workmen  will  prove 
to  be  eager  for  self-improvement  and  will  turn  out  more  and  better 
work,  even  under  ordinary  management,  in  light  comfortable  and 
cheerful  rooms  than  will  cheap  ignorant  help  in  dark  cold  rooms 
under  a  score  of  half-frozen  functional  foremen.  The  Massachusetts 
Board  of  Education  is  now  laying  a  foundation  in  these  directions 
in  its  primary,  secondar}^  and  high  schools,  which  is  worthy  of  adop- 
tion by  the  colleges. 

28  By  the  adoption  of  these  fundamental  principles  of  social 
economics  and  the  knowledge  of  modern  methods  of  scientific  business 
management  every  industrial  establishment  will  become  an  adjunct 
to  the  college;  a  blessing  instead  of  a  curse  to  the  community  in  which 
it  is  located;  and  a  potent  force  in  the  nation,  tending  to  forward 
its  advance  toward  permanent  commercial  and  industrial  supremacy. 

Mr.  W.  F.  Hendry  Referring  to  ^Ir.  Porter's  remarks  on  Professor 
Jackson's  paper  concerning  "student  courses"  in  various  large  manu- 
facturing establishments  I  would  state  that  the  Western  Electric  Com- 
pany has  an  educational  department  and  the  practice  of  hiring  young 
men  and  putting  them  through  a  regular  course  of  training  has  been 
followed  by  us  for  many  years. 

2  In  the  New  York  factory  we  have  four  broad  types  of  student 
courses. 

a  A  course  to  fit  the  student  to  hold  executive  positions  in 

general. 
b  A  course  to  provide  men  to  fill  such  positions  as  assistant 

foremen,    telephone    engineers,    shop    office   department 

heads,  inspection  department,  etc. 
c  A  course  to  provide  men  for  executive  positions  in  the  office 

or  clerical  branches. 
d  A  course  for  young  men  or  boys  who  wish  to  learn  a  trade. 

3  In  addition  to  these  there  is  the  regular  summer  course  for 
college  men  who  wish  to  put  in  not  less  than  eight  weeks  of  their 
vacation  at  practical  work. 
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4  The  first  and  most  important  is  the  four  year  contract  course 
which  is  open  to  graduates  of  colleges  or  technical  schools  with  a  degree 
equivalent  to  ]3.S.  In  order  to  show  that  the  training  is  by  no  means 
all  electrical,  I  will  give  the  curriculum. 

Punch  press  department 4  weeks. 

Drilling  department 4 

Screw  machine  department 12 

Milling  department 8 

Pattern  making  department 4 

Brass  foundry 3 

Shop  store  rooms 3 

Shop  order  department 3 

Nickel  plating  department 3 

Tool  room 38 

Assembly  department 12 

Inspection  department 8 

Blacksmith  department 4 

Cabinet  making  department 4 

Switchboard  wiring  department 12 

Outside  installation  work 12 

Drafting  department 12 

Shop  cost  department 4 
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5  The  student  is  put  to  work  on  a  screw  machine,  drill  press  or 
milling  machine,  adjacent  to  and  on  precisely  the  same  basis  as  the 
regular  workmen,  working  on  a  da}'  rate  or  piece  work  rate.  Many  cases 
are  on  record  where  the  student  has  made  as  good  wages  as  the  regu- 
lar workman.  They  are  not  however  kept  on  anj^  one  job  more  than 
three  or  four  days,  the  idea  being  to  give  them  as  many  different  opera- 
tions as  possible. 

6  It  is  seen  that  nearly  a  year  is  spent  in  the  tool  room.  Before 
the  student  leaves  this  department  he  makes  from  raw  material 
several  jigs,  punches,  dies,  etc.,  which  must  be  perfectly  commercial 
articles.  Here  he  also  obtains  experience  in  the  proper  design  of  tools 
in  the  tool  drafting  branch  of  the  tool  room. 

7  In  order  to  insure  thorough  routine,  the  student  fills  out  the 
regular  time  tickets  which  after  having  passed  through  the  pay  roll 
department  are  sent  to  the  head  of  the  educational  department  who 
thus  has  a  constant  check  on  the  men  and  knows  just  what  they  are 
doing. 

8  The  students  all  belong  to  the  Western  Electric  club  which 
meets  in  this  building  once  a  month,  at  these  meetings  papers  are 
read  and  discussed.     In  addition  to  this,  they  receive  a  monthly  talk 
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or  lecture  by  some  department  head  on  general  manufacturing  or 
engineering  topics. 

9  Among  many  others  the  following  positions  are  held  by  graduates 
of  the  student  courses  of  the  New  York  factory: 

10  Superintendent,  Antwerp  factory;  Assistant  head  of  design  engine 
department,  New  York  factory;  Assistant  manager,  Tokio  factory; 
Chief  engineer,  Berlin  factory;  Head  output  department,  New  York 
factory;  Assistant  head  inspection  department,  New  York  factory; 
Manager,  Antwerp  factory;  Master  Mechanic,  Tokio  factory. 

The  Author  In  closing  the  discussion,  I  desire  to  correct  a  few 
wrong  interpretations,  that  were  taken  from  my  paper. 

2  Prof.  D.  C.  Jackson  said  I  had  "an  axe  to  grind,"  and  I  had. 
My  suggestions  are  exactly  in  Une  with  his  argument,  that  we  should 
have  more  cooperation  between  the  industries  and  engineering 
schools.  The  paper  deals  with  one  practical  phase  of  such  coopera- 
tion: the  joining  of  both  these  interests  in  the  making  of  a  technical, 
or  business,  engineer. 

3  Prof.  Hammerschlag  says,  in  Par.  5,  "For  those  who  have  com- 
pleted a  technical  course  *  *  *  ask  the  industries  to  take  them  on 
their  face  value."  This  is  just  what  I  ask.  The  technical  graduate 
is  not,  and  Ukely  never  will  be,  immediately  upon  graduation,  ready 
to  step  into  a  position  of  responsibility;  therefore,  let  the  industries 
which  alone  are  able,  by  reason  of  their  equipment,  give  the  needed 
additional  preparation.  Prof.  Hammerschlag  says  that  my  paper 
neglects  the  individual.  I  am  unable  to  understand  where.  He 
also  says  that  the  special  apprentice,  or  graduate  student  engineers' 
course  "raises  class  and  cast  in  the  shop,"  makes  "men  and  foremen 
resentful,"  "is  narrow,"  "is  demorahzing  *  *  *  like  a  man  that  is 
being  nursed,"  pays  less  than  "for  digging  trenches,"  "destroys  *  *  * 
loyalty."  Are  these  not  theroetical  statements  based  on  conven- 
tional premises?  Such  conditions  should  not  and  need  not  exist;  nor 
do  they,  where  I  have  made  an  examination.  Mr.  Hammerschlag 's 
argument  against  such  courses  is  much  weakened  by  the  statement 
that  immecUately  follows:  "the  Carnegie  Technical  Schools  have  had 
most  cordial  cooperation  and  assistance  by  the  industries  of  Pitts- 
burg, and  my  remarks  were  not  made  with  respect  to  cooperation  in 
that  district."  Does  he  mean  that  graduates  of  this  school  only  get 
generous,  broad  treatment  by  the  Pittsburg  industries?  Or  is  Pitts- 
burg the  only  district  in  which  technical  graduates  get  such  treatment? 

4  Mr.  Porter's  discussion  is  largely  based  upon  a  supposed  error  in 
my  statement  and  a  misconception  of  the  purpose  of  the  graduate 
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student  engineers'  courses.  If  he  will  inquire  more  seriously  (Par.  7), 
of  the  various  companies  named  in  my  paper,  he  will  find  established 
courses,  as  I  represented;  and  if  he  goes  further  in  his  investigation, 
he  will  find  other  courses  of  a  similar  character,  both  established  and 
in  course  of  development.  Thus,  I  must  insist  that  my  premises  are 
correct,  as  the  evidence  in  my  hands  is  incontrovertible. 

5  His  second  mistake  is  his  thought  that  the  object  of  my  paper 
was  to  show  how  the  industries  can  "secure  their  skilled  workmen" 
(Par.  2).  After  this  statement,  practically  all  his  arguments,  other 
than  those  intended  to  show  that  my  facts  are  wrong,  are  based  on 
the  assumption  that  the  apprenticeship  courses  dealt  with,  are  for 
the  training  of  mechanics,  rather  than  engineers,  and  certainly  not 
for  college  men.  Tliis  is  fully  evidenced  by  the  courses  (Par.  14 
and  others)  ;and  the  trade  schools  (Par.  15  and  16)  referred  to  by  him. 

6  The  "fundamental  principles,"  or  instructions  to  colleges, 
named  by  Mr.  Porter  in  (Par.  18  and  20  to  27),  have  not  been 
unthought  of  by  students  of  apphed  pedagogy,  and  those  of  utiUty 
have  been  in  more  or  less  general  use  for  some  time. 

7  Mr.  Rice  is  a  man  who  has  evidently  gone  through  such  a  course 
as  I  described;  and,  as  a  result,  is  thoroughly  competent  to  speak  upon 
the  subject.  In  the  main,  he  upholds  my  contentions;  and  is  my 
best  witness  to  the  usefulness  and  success  of  the  educational  move- 
ment under  consideration.  "Mr.  Tompkins'  excellent  discussion 
upon  the  shop  training  of  workmen  deals  largely  with  the  apprentice- 
ship systems  for  other  than  college  men  and,  therefore,  does  not 
directly  enter  into  this  discussion. 

8  Professor  Ennis  and -Mr.  Taylor  apparently  have  a  clear  concep- 
tion of  the  problem  as  it  appeals  to  me.  Most  of  the  suggestions 
they  make  are  of  a  nature  to  aid  in  the  development  of  technical 
courses  for  graduates  such  as  will  tend  most  surely  to  turn  out  in  the 
end  good  engineers  or  staff  officers.  There  seems  no  good  reason  why 
in  such  courses  the  man  cannot  be  taught  the  meaning  of  a  "hard 
day's  work,"  learn  to  read  the  thoughts  and  "feehngs  of  the  work- 
men" in  the  shop,  and  be  brought  against  suitably  "keen  competi- 
tion" (Mr.  Taylor,  Par.  5,  6  and  7). 

9  Mr.  Jones  shows  clearly  the  gap  between  the  end  of  the  college 
course  and  the  position  of  responsibility  in  the  industries.  His  sug- 
gestion that  this  gap  may  possibly  be  filled  by  modifying  the  college 
courses  cannot,  in  my  estimation,  be  answered  affirmatively.  It  may 
be  lessened,  but  some  real  contact  with  an  industrial  organization 
will  always  be  required  before  the  graduate  is  prepared  for  his  true 
function.  If  this  contact  can  be  obtained  in  the  shops  before  gradua- 
tion, excellent;  but  why  not,  at  least  in  part,  after? 
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10  Messrs.  Alexaiulei  and  Henry  describe  useful  student  engi- 
neer courses;  their  remarks  are  worth  careful  study.  The  suggestions 
of  Messrs.  Cross,  Rearick,  Gantt,  Basford  and  Russell  show  the 
necessity  of  sympathy  and  helpfulness  between  the  industries  and 
colleges,  and  I  may  add  that  the  latter  are  fully  ready  to  listen  to 
the  needs  of  the  former,  and  to  endeavor  to  meet  them. 

11  It  has  been  stated  in  tliis  discussion  that,  if  the  workmen  are 
suitably  trained,  there  will  be  evolved  from  their  ranks  plenty  of 
good  officers.  I  absolutely  disagree  with  that  statement,  however 
much  I  feel  the  urgent  need  of  industrial  education  for  workmen  and 
I  aver  that  much  of  the  rapid  advance  and  improvement,  throughout 
the  whole  range  of  industries  of  this  country  and  Europe,  is  in  large 
measure  the  result  of  collegiate  technical  education.  It  might  as 
well  be  suggested  that  the  Army  and  Navy  give  up  West  Point, 
Annapolis,  and  their  various  practical  officers'  training  schools  with 
the  belief  that,  if  the  rank  and  file  are  excellent,  all  needed  officers 
would  automatical!)'  develop. 

12  Permit  me  to  reiterate  that  my  paper  deals  \\dth  the  subject  of 
snaking  officers  for  the  industries,  be  they  line  or  staff.  I  incline  to 
believe  that  college  men  appreciate  thoroughly  the  need  of  preparing 
men  for  the  business  or  staff  side  of  the  industries,  as  well  as  the  tech- 
nical, and  are  modifying  the  college  courses  with  that  object  in  view. 
The  purpose  of  the  paper  must  not  be  confounded  with  the  magnifi- 
cent movement  now  on  foot  in  this  country  for  the  proper  training  of 
skilled  workmen,  both  by  industrial  schools  and  apprenticeship  sys- 
tems. The  student  engineers'  courses,  now  in  existence,  can  and 
will,  undoubtedly,  be  greatly  improved  upon;  but  they  are  now  per- 
forming, however  crudely,  a  necessary  function.  As  a  proof  of  their 
success,  I  find  that  large  numbers  of  men  w^ho  have  taken  such 
courses  have,  almost  uniformly,  quickly  risen  to  positions  of  respon- 
sible usefulness.  My  plea  is  that  these  practical  training  schools  for 
officers  are  of  great  utility;  and  deserve  careful  attention  from  the 
managers  of  industrial  corporations;  further,  that  their  proper 
development  requires  a  scientific,  practical  knowledge  of  both  shop 
management  and  pedagogy. 
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A  HIGH  SPEED  ELEVATORS 

By  CHARLES  R.  PRATT,  NEW  YORK 

Member  of  the  Society 

The  type  of  elevator  selected  for  the  new  Singer  building  and  for 
the  tower  of  the  Metropolitan  Life  Insurance  building  is  known  as  the 
Gearless  1  to  1  Traction  Electric  Elevator,  the  driving  mechanism  for 
which  is  a  motor  located  over  the  hoistway,  with  a  traction  sheave  and  a 
brake  pulley  on  its  armature  shaft.  The  ropes  from  the  car  pass  over 
this  tra<;tion  sheave,  down  under  an  idler  sheave,  and  again  over  the 
traction  sheave  and  down  to  the  counter-balance,  giving  two  half  trac- 
tion turns  over  the  traction  sheave  to  drive  the  difference  in  weight 
between  the  car  and  the  counter-balance.  This  traction  has  been 
found  to  be  sufficient  in  ordinary  passenger  elevator  service,  especially 
in  high  rise  elevators  on  account  of  the  weight  of  the  ropes  and  vari- 
able counter-balance  chains  or  ropes,  the  latter  leading  from  the 
bottom  of  the  car  to  the  bottom  of  the  counter-balance,  thus  adding 
to  the  constant  load  on  the  ropes  leading  to  each  face  of  the  traction 
sheave,  thereby  reducing  the  variable  difference  in  traction  load  caused 
by  the  variable  passenger  load. 

2  The  diameter  of  these  traction  sheaves  is  about  40  inches,  the 
least  permissible  for  proper  wear  of  ropes,  which  gives  a  circumference 
of  125.6  inches  or  about  lOV  feet,  which  at  GOO  feet  per  minute  car 
speed  requires  57  r.p.m.  of  the  hoisting  motor.  2000  pounds  net 
load  at  600  feet  per  minute  would  require  a  motor  of  about  50  h.p. 
which  at  57  r.p.m.  would  be  a  motor  of  about  200  h.p.  size,  cost, 
weight,  etc.  The  loss  of  motor  efficiency  at  this  low  speed  is  com- 
pensated for  by  the  saving  in  friction  loss  due  to  the  elimination  of 
all  transmission  gearing  between  the  motor  and  the  ropes. 

3  The  brake  pulley  being  the  same  or  but  little  larger  diameter 
than  the  traction  sheave,  requires  a  frictional  resistance  of  the  brake 
shoes  equal  to  the  net  load,  or  the  same  that  is  required  by  a  safety 

^  The  reader  should  note  paragraph  1  of  the  author's  closure  in  connection  with 
this  paper.^ — -Editoh. 

Presented  at  the  monthly  meeting,  November  12,  1907  (New  York),  of  The 
American  Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of 
the  Transactions. 
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device  on  the  car  to  stop  the  car  by  gripping  the  steel  guide  rails;  the 
usual  reduction  in  speed  is  made  by  the  djaiamic  action  of  the  motor 
nearly  to  a  stop;  the  brake  however  must  have  power  enough  to  do 
this  alone  if  required. 

4  This  elevator  is  a  product  of  elimination,  discarding  all  unnec- 
essary frictional  parts,  and  having  the  least  possible  mass  moving  at 
high  speed.     It  eliminates: 

a  Friction  of  worm,  spur,  screw,  or  rope  and  sheave  gearing. 
&  Excessive  size  of  winding  drums. 
c  Dependence  upon  automatic  limit  stops. 
d  Inertia  of  moving  mass  of  metal  and  water  in  113-draulic 
elevators. 

5  Experiments  made  by  the  author  on  this  form  of  traction  rope 
drive,  using  iron  wire  hoisting  ropes  running  in  smooth  round  grooves 
in  the  traction  sheave,  with  from  H  to  7^  half  traction  turns,  demon- 
strate that  the  least  traction  obtained  is  with  new  dry  ropes  on  new 
dry  grooves,  and  that  after  considerable  running  there  is  not  5  per 
cent  difference  in  traction  between  a  dry  rope  and  a  rope  flooded  with 
any  kind  of  lubrication.  This  establishes  the  fact  that  if  this  elevator 
will  handle  its  full  load  when  it  is  first  started  with  new  ropes,  it  will 
always  handle  its  full  load  safely. 

6  The  two  distinct  advantages  that  this  elevator  has  over  all 
others  is  unlimited  rise  and  safe  normal  limit  stops.  Its  unlimited 
rise  is  obvious.  Its  safe  normal  limit  stops  are  due  to  landing  of  the 
car  or  counter-balancing  on  buffers  so  constructed  that  they  will 
stop  the  car  at  full  speed  without  injury  or  discomfort;  and  when 
either  car  or  counter-balance  so  lands  at  the  bottom  of  the  hoistway, 
the  tension  of  its  ropes  leading  to  the  traction  sheave  is  so  reduced 
that  all  traction  is  lost,  and  motor  and  sheave  can  keep  on  revolving 
with  no  further  travel  of  car  or  counter-balance.  Hoistway  limits  are 
of  course  used  to  reduce  the  speed  and  stop  the  car  at  the  terminals, 
but  these  very  effective  buffers  are  set  to  w'ork  at  top  and  bottom 
floors.  They  are  therefore  used  every  round  trip  and  are  thereby 
kept  in  working  condition,  which  would  be  a  good  safe-guard  against 
loss  of  control  in  any  elevator. 

7  Installations  of  differential  and  of  constant  tension  traction 
rope  drive  have  been  made,  but  this  simple  direct  method  is  now  the 
only  one  considered,  and  was  advised  by  the  author  in  his  paper  on 
"Elevators"  in  Transactions  Vol.  20  (1899),  page  826. 

8  The  new  Singer  building  and  the  tower  of  the  Metropolitan  Life 
Insurance  building  call  for  a  speed  of  600  feet  per  minute  at  rises  of 
500  feet  and  over.     Hydraulic  elevators  of  the  plunger  and  of  the 
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inverted  plunger  type  were  offered  for  this  service,  and  their  claims 
were  very  thoroughly  considered,  but  the  adaptability  of  this  Gear- 
less  1  to  1  Traction  Electric  Elevator  for  these  high  rises,  and  its 
success  in  several  other  installations,  decided  without  question  in  its 
favor. 

9  Of  the  tower  of  the  Metropolitan  Life  Insurance  building,  the 
writer  can  speak  from  personal  knowledge,  as  he  represented  one  of 
the  bidders.  The  selection  of  elevators  for  that  building  was  referred 
to  a  most  distinguished  board  of  engineers;  Messrs.  Mailloux,  Knox, 
Professor  Spangler  and  J.  C.  Knight  and  C.  L.  Duenkle,  who  were 
retained  by  the  Metropolitan  Life  Insurance  Company  during  April, 
May,  June  and  July,  in  which  time  they  took  over  1500  pages  of  testi- 
mony, and  personally  inspected  everything  that  was  proposed  for 
the  plant.  In  regard  to  this  for  the  first  time  in  the  writer's  elevator 
experience,  the  safety  device  on  the  car  was  given  due  prominence. 
Reference  is  here  made  to  the  author's  paper  on  "Elevator  Safeties," 
Transactions  Vol.  23  (1902),  page  536. 

10  Although  this  Gearless  1  to  1  Traction  Electric  Elevator  has 
been  used  in  high  class  passenger  elevator  service  but  a  few  years,  its 
universal  success  proves  in  practice  all  that  its  merits  indicated  in 
theory.  The  writer  knows  of  no  troubles  in  its  operation,  or  of  acci- 
dents to  suggest  danger;  and  yet  there  has  been  the  most  important 
element  of  safety  omitted,  viz:  positive  speed  control  and  holding  power. 
This  however  can  be  easily  restored  without  extra  cost  or  other  detri- 
ment to  its  merits  by  replacing  the  friction  brake  by  an  independ- 
ently driven  low  pitcli  worm  gear. 

11  It  is  well  known  that  worms  of  less  than  5  degrees  angle  can 
not  be  driven  by  their  worm  gears,  also  that  they  are  inefficient,  and 
it  would  not  be  practicable  to  drive  an  elevator  at  600  feet  per  minute 
with  one.  Such  service  would  require  an  angle  of  worm  of  about  20 
degrees,  which  would  allow  the  gear  to  drive  the  worm  easily,  and 
the  car  to  travel  at  a  dangerous  speed  if  unchecked  by  motor  or  brake, 
and  this  is  wlirat  usually  occurs  when  the  newspapers  report  that  "  the 
car  fell  —  stories."  Efficient  motor  speeds  also  require  low  angle  of 
worms  for  slow  speed  elevators,  and  steep  angle  of  worms  for  high 
speed  elevators, 

12  Electric  circuits  controlling  motor  and  brake  are  liable  to  fail 
on  any  electric  elevator,  but  the  hoisting  apparatus  should  be  so 
constructed  as  to  prevent  positively  any  excess  of  normal  speed  and 
bring  the  car  to  a  safe  stop  should  this  occur. 

13  It  is  well  known  that  two  electric  motors  can  operate  without 
interference  when  positively  geared  together.     Frank  J.  Sprague  had 


534  A    HIGH    SPEED    ELEVATOR 

two  electric  motors  positively  geared  to  the  same  drum  shaft  on  his 
Central  London  Railway  Elevators. 

14  All  high  speed  hoisting  mechanism  can  be  easily  driven  by  the 
action  of  gravity,  but  if  a  low  pitch  worm  gear  positively  geared  to 
that  mechanism  be  independently  driven  so  as  to  synchronize  with 
its  normal  motion,  a  positive  speed  regulation  is  established,  which 
not  only  prevents  excess  of  speed,  but  assures  perfect  acceleration, 
dead  lock  at  stop  position,  and  will  come  to  stop  normally  upon  fail- 
ure of  current. 

15  A  friction  brake  on  a  high  speed  electric  elevator  interferes 
with  its  operation,  lessens  its  efficiency,  and  has  no  positive  function 
of  safety.  To  replace  it  with  a  worm  gear  control  on  a  Gearless  1  to  1 
Traction  Electric  Elevator  is  a  simple  matter,  viz: 

a  Replace  the  brake  pulley  with  a  worm  gear  having  its  worm 
driven  by  an  electric  motor,  called  the  controlling  motor. 

b  Have  the  worm  gear  ratio  such  as  to  obtain  the  greatest 
efficiency  in  the  controlling  motor  at  the  greatest  range  of 
speed  by  its  field  regulation. 

c  Construct  a  worm  that  can  not  be  driven  by  its  worm  gear, 
without  reference  to  how  great  its  lead  may  be,  by  making 
its  diameter  large  enough  to  keep  its  angle  of  thread  below 
5  degrees,  and  by  large  diameter  thrust  washers.  This 
worm  gear  has  little  w^ork  to  do  at  high  speed  and  will 
run  cool. 

d  Connect  up  the  controlling  motor  in  circuit  with  the  hoist- 
ing motor  so  the}'  will  synchronize  with  each  other  in 
starting,  stopping  and  speed  regulation 

e  With  the  motors  open  circuited,  the  car  gradually  and 
positively  stops,  because  it  can  not  drive  this  worm  gear. 

/   With  the  hoisting  motor  open  circuited: 

1  Driving  against  gravity  with  a  heavy  load,  the  control- 

ling motor  blows  its  fuse  and  stops. 

2  Driving  in  the  direction  of  gravity,  or  with  a  light  load 

against  gravity,   the  controlling  motor  drives   the 

traction  sheave  under  the  control  of  the  operator  in 

the  car,  and  brings  the  car  to  its  floor. 

g   With  the   controlling   motor  open  circuited,   the    hoisting 

motor  fuse  blows,  and  the  car  gradually  and  positively 

stops,  as  in  case  e. 

h  The    controlling    motor  governs  acceleration  by  its   field 

regulation,  and  the  hoisting  motor  requires    no    finely 

graduated  starting  resistance,  which  simplifies  the  control. 
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i  The    controlling    motor  governs  speed  when  driving   with 
gravity,  and  the  hoisting  motor  requires   no    armature 
shunt,  this  saves  direct  loss  of  power. 
j  The  foregoing  refers  to  these  two  motors  being  connected 
up  in  parallel,  the  same  or  possibly  better,  results  may 
be  obtained  if  they  are  connected  in  series,  with  slightly 
different  action.    Either  way  is  standard  practice. 
10     No  experiment  is  here  involved.     The  combination  used  in- 
volves oidy  principles  employed  in  standard  elevator  construction;  l)ut 
the  combination  provides  a  new   method  of  elevator  control  moi'e 
nearly  pei-fect  and  safer  than  the  l)est  hydraulic. 

17  "A.  chain  is  only  as  strong  as  its  weakest  link."  In  a  Gearless 
1  to  1  Traction  Electric  Elevator  we  observe  a  multiplicity  of  wire 
ropes,  heavy  sheaves  and  shafts  driven  by  a  motor  of  ample  power 
and  held  by  a  friction  brake,  and  then  close  our  eyes  to  the  fact  that 
this  motor  and  brake  are  alternately  deprived  of  their  motive  and 
holding  power  every  few  seconds.  Should  one  happen  to  let  go  before 
the  other  takes  hold,  the  car  falls  free  to  the  bottom  of  the  hoistway, 
unless  stopped  by  some  device.  No  amount  of  ingenious  electric 
circuits  established  for  cooperative  action  between  an  electric 
motor  and  a  friction  brake,  can  make  either  of  them  a  positive 
means  to  hold  an  elevator  car  or  keep  the  car  from  attaining  a  danger- 
ous speed.  No  factor  of  safety  of  10  exists  here  since  neither  of  these 
elements  has  at  its  maximum  a  holding  power  of  over  twice  the  load. 
On  the  other  hand  a  low  pitch  worm  gear  can  not  drive  its  worm,  nor 
can  a  hydraulic  valve  be  placed  in  a  position  where  the  car  can  travel 
at  a  dangerous  speed;  and  when  these  normal  positive  elements  of 
safety  are  omitted  from  a  liigh  speed  elevator,  disaster  is  sure  to 
follow  sooner  or  later. 

18  Two  opposing  forces  act  on  the  armature  of  an  electric  elevator 
motor,  i.e.,  gravitation  and  electro-motive  force,  and  between  these 
forces,  either  incidental  to  transmission  of  motion,  or  for  the  purpose 
of  stopping  and  holding  the  car,  are  interposed  elements  of  friction, 
such  as  worm  gears  and  friction  brakes. 

19  Under  normal  conditions  the  electric  motor  can  start,  stop  and 
control  the  speed  of  the  car,  only  requiring  a  friction  brake  to  hold  it 
at  rest,  or  to  check  it  at  reduced  speed.  But  such  a  brake,  particu- 
larly on  a  gearless  elevator,  is  a  very  large  and  costly  affair,  requiring 
very  delicate  adjustment,  and  can  not  l)e  considered  to  be  a  positive 
protection  against  excess  of  speed. 

20  Suppose  that  in  place  of  the  brake  pulley  on  the  armature  shaft, 
there  was  placed  a  worm  gear,  with  teeth  as  strong  as  the  brake's  fric- 
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tion..  and  of  such  construction  that  the  force  of  gravity  could  not  cause  it 
to  revolve  its  ivorm;  and  that  to  its  worm  was  attached  a  small  high 
speed  electric  motor,  so  connected  to  the  circuit  of  the  main  motor  as 
to  i-ause  them  to  synchronize  with  each  other.     The  action  would  be: 

a  Both  motors  would  start  together  to  move  the  car.  No 
brake  to  be  released. 

h  The  main  motor  would  relieve  the  small  motor  of  all  gravity 
load. 

c  The  small  high  speed  motor,  under  no  load,  would  have  a 
perfect  acceleration  in  starting  and  stopping,  and  by  its 
worm  gear  would  resist  any  imperfect  acceleration  of  the 
main  motor,  thereby  insuring  a  perfect  motion  in  starting 
and  stopping  the  car. 

(}  With  proper  angle  of  worm,  and  suitable  thrust  washers, 
this  worm  gear  could  not  under  any  possible  conditions 
be  driven  by  the  force  of  gravity,  hence  it  would  be  impos- 
sible for  the  car  to  exceed  its  normal  speed  as  long  as  the 
ropes  hold  it  to  the  driving  drum  or  sheave. 

e  With  the  usual  dynamic  action,  this  motor  and  its  worm 
gear  will  come  to  a  perfect  stop  and  hold  the  car  positively 
without  the  aid  of  any  brake  on  either  motor. 

/  With  no  brake  circuits,  and  fewer  contacts  for  starting  cur- 
rent, the  electric  control  becomes  far  more  simple  and 
reliable. 

21.  This  device,  in  place  of  the  friction  brake,  would  add  but 
little  to  the  cost  of  the  elevator,  and  would  make  a  material  reduc- 
tion in  kw-hr.  per  car  mile,  for  two  reasons,  viz: 

a  Saving  in  starting  current,  as  described  in  Par.  23. 
b  To    run   at  slow  speed  when  the  main  motor  is  being 
driven  by  gravity,  the  controlling  motor  by  its  full  field 
and  worm  gear  maintains  the  slow  speed  using  little  or 
no  current,  and  the  main  motor  with  only  resistance  to 
the  line,   returns  current  to  the  line,  instead  of  taking 
current  from  the  line  to  resist  gravity,  as  is  now  done. 
22     With  this  device  attached  to  a  Gearless  1.  to  1  Traction  Elec- 
tric Elevator,  the  following  conditions  would  be  obtained: 
a  Positive  limit  stops. 
b  Absolute  limit  of  speed, 
c  Perfect  acceleration. 

d  Shortest  possible  distance  in  starting  and  stopping. 
e  Perfectly  smooth  motion. 
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/  Dead  lock  at  stop  position.     (Without  using  any  brake.) 

g  Highest  possible  rise  and  speed. 

h  Least  space  occupied. 

i  Least  cost  of  installation. 

/  Least  cost  of  operation. 

k  Perfect  safety. 

23  Starting  the  car:  In  a  gearless  elevator,  the  car  at  rest  is  held 
by  a  friction  brake,  and  before  this  brake  can  be  released,  the  motor 
must  exert  a  pull  on  the  ropes  equal  to  the  maximum  load,  (of  car 
or  counter-balance);  in  practice  the  motor  must  exert  a  pull  equal 
to  this  load  plus  a  considerable  more  against  the  friction  of  the  brake, 
or  25  to  50  per  cent  more  than  is  necessary  to  start  the  load;  which 
not  only  adds  to  the  amount  of  electrical  energy  expended,  but 
requires  delicate  adjustment  to  obtain  a  smooth  start.  When  the 
car  is  held  at  rest  by  the  auxiliary  worm  gear  device  the  hoisting  motor 
has  only  the  gravity  load  to  overcome,  simply  like  picking  up  a  weight 
that  lies  on  a  floor,  thus  saving  starting  current  and  obtaining  a  more 
perfect  starting  motion. 

24  The  positive  locking  and  speed  regulating  functions  of  this 
worm  gear  device  eliminate  from  the  electric  control  all  the  com- 
plicated, costly  and  unreliable  devices,  which  have  compared  so 
unfavorably  with  the  more  simple  and  positive  action  of  hydrauhc 
elevator  valves,  leaving  only  the  few  reliable  switches  to  control  the 
current  direct  to  these  two  motors. 

25  While  the  small  angle  of  this  w^orm  prevents  its  being  driven 
by  its  worm  gear,  it  will  still  transmit  30  to  50  per  cent  of  the  power 
of  the  controlling  motor  to  drive  the  traction  sheave  and  the  car. 

26  Elimination  of  gearing,  compactness  and  simplicity  in  con- 
struction require  the  slow  speed  hoisting  motor.  The  high  speed 
controlling  motor  and  its  worm  gear,  with  its  greater  field  variation, 
greater  inertia  to  maintain  uniform  acceleration  and  speed,  greater 
relative  starting  power  and  torque  at  slow  speed,  positive  speed  con- 
trol and  holding  power,  make  any  high  speed  electric  elevator  hoisting 
apparatus  perfectly  safe. 
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DISCUSSION 

Mr.  Orman  B.  Humphrey  There  are  three  essential  elements 
which  necessarily  enter  into  all  installations  of  passenger  elevators, 
and  these,  in  the  order  of  their  moment  are:  (a)  safety,  (h)  speed  and 
(c)  economy  of  operation. 

2  What  pertains  to  elevators  for  high  buildings  must  also  be  con- 
sidered in  the  equipment  of  all  passenger  elevators,  except  that  some 
of  the  sub-divisions  of  these  elements  of  safety,  speed  and  economy 
of  operation  must  vary  in  their  individual  degree  of  importance  when 
the  elevator  is  intended  for  service  in  buildings  of  great  altitude. 

SAFETY    DEVICES 

3  At  such  minimum  car  speeds  as  are  desirable  in  all  high  build- 
ings we  must  eliminate  certain  types  of  safeties  as  being  not  only 
wholly  unfit  for  use  under  these  increased  speeds,  but  positively 
dangerous.  The  safeties  referred  to  are  any  and  all  types  of  sliding 
wedges,  rolls  or  grips,  or  other  devices  which  tend  to  check  or  stop 
the  car  suddenly  in  case  of  broken  cables  or  excessive  speed  in  descent. 
This  leaves  for  consideration  such  forms  of  safeties  as  shall  gradually 
and  effectually,  but  not  suddenly,  check  the  descent  of  the  loaded 
car  in  case  of  accident.  There  are  various  safeties  of  this  nature, 
usually  depending  upon  some  form  of  speed  governor  and  fixed 
governor  rope,  which  accomplish  this  desired  checking  and  retarding 
of  accidental  excessive  speed  by  means  of  gripping  the  rails,  and 
with  the  best  of  these  we  are  all  familiar.  All  devices  which  depend 
upon  gripping  a  greasy  rail — unless  of  the  sliding  wedge  type  having 
more  or  less  sharp  teeth  to  engage  the  rails  or  fluted  rolls,  neither  of 
which  can  be  used  for  high  speeds — will  sometime  be  found  wanting. 
It  is  not  unreasonable  to  state  that  the  rate  of  retardation  or  check- 
ing of  the  car  descent  with  these  safeties  is  more  or  less  variable  and 
at  times  somewhat  problematical.  It  is  for  this  reason  that  other 
auxiliary  safeties  ought  to  be  included  in  the  equipment  of  all  ele- 
vators. 

4  Of  the  different  safety  devices  in  use  at  the  present  time,  the 
one  which  appeals  most  strongly  to  the  writer  is  that  which  depends, 
not  upon  clamps  applied  to  the  rails,  but  upon  series  of  wires 
arranged  with  systems  of  retarders  which  in  turn  become  engaged 
by  dogs  on  the  moving  ear  in  case  of  accident,  thus  gradually  check- 
ing the  speed  of  the  descending  car,  and  bringing  it  to  a  standstill 
without  undue  jar  or  shock.     This  wire  friction  device,  like  the 


A    HIGH    SPEED    ELEVATOR  539 

Cruickshank  safety,  installed  on  the  elevators  at  the  new  Hotel 
Belmont  in  New  York,  meets  a  demand  which  has  long  existed  in 
elevator  practice. 

5  It  is  not  well  to  depend  upon  any  one  device  or  type  of  devices, 
but  rather  upon  several  distinctly  different  schemes  for  checking 
accidental  fall  or  excessive  downward  speed.  In  addition  to  various 
mechanical  retarding  devices,  the  best  of  which  should  form  part  of 
every  elevator  installation,  there  should  also  be  a  carefully  designed 
air-cushion  of  at  least  one-fifth  the  total  car  rise. 

6  It  should  be  the  duty  of  the  legislature  in  every  State  to  enact 
laws  regulating  the  number  and  types  of  safety  devices  which  should 
be  applied  to  every  passenger  elevator.  Such  legislation  should  be 
very  broad  and  cover  the  entire  installation,  as  to  material,  design 
of  equipment,  car  speed,  etc.  This  has  already  been  done  to  a 
certain  degree  in  some  States,  but  there  is  still  much  room  for  improve- 
ment even  in  those  States  already  having  such  legislation. 

SPEED 

7  The  second  important  question  is  that  of  reasonable  speed, 
and  under  this  head  we  must  consider,  not  only  the  periods  of  positive 
and  negative  acceleration  and  actual  car  velocity,  but  also  any  and 
all  methods  and  devices  which  shall  facilitate  the  handling  of  pas- 
sengers with  expedition  and  comfort.  The  period  of  acceleration 
should  be  as  brief  as  is  consistent  with  safety,  comfort  and  economy 
of  operation.  The  stopping  of  the  car  should  be  accomplished  within 
a  running  distance  which  should  always  be  under  positive  and  abso- 
lute control  of  the  operator,  and  in  good  practice  it  must  depend  to 
a  certain  extent  upon  the  velocity  of  the  car  when  running  at  its 
highest  speed.  The  maximum  car  velocity  should  never  exceed 
600  feet  per  minute.  Legislation  controls  this  in  some  States. 
Assuming  a  maximum  GOO  feet  per  minute  for  express  service,  it  will 
generally  be  faund  advisable  to  adopt  nearer  500  feet  or  even  less 
for  speed  on  local  cars.  The  writer  does  not  favor  excessive  car 
speeds. 

8  Much  can  be  accomplished  in  ultimate  despatch  by  using  cars 
of  suitable  size  and  design,  and  by  perfecting  the  devices  which  form 
parts  of  the  car  and  well  enclosure,  like  those  for  opening  and  shut- 
ting the  doors,  as  well  as  having  ample  door  openings;  also  the  facil- 
ity and  certainty  with  which  the  up  and  down  signals  can  be  under- 
stood by  the  car  operator.  It  is  impossible  to  deny  that  to  a  certain 
extent  the  element  of  safety  increases  inversely  as  the  car  speed. 
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Therefore  while  all  reasonable  speed  should  be  obtained,  it  should 
not  be  accomplished  at  the  expense  of  the  element  of  safety. 

ECONOMY   OF    OPERATION 

9  The  economj^  of  operation  may  best  be  treated  under  the  dif- 
ferent types  of  elevators,  and  owing  to  inherent  faults,  which  appear 
in  the  installations  in  high  buildings,  the  plunger  elevator  will  be 
mentioned  here  only  to  condemn  it.  For  moderate  rise  it  may  be 
well  enough,  barring  the  generally  erroneous  impression  regarding 
its  absolute  safety,  but  in  the  modern  high  office  building  it  has  no 
place.  This  leaves  but  two  standard  and  accepted  types  of  which 
it  is  necessary  to  speak.  The  horizontal  or  vertical  cylinder  hydraulic, 
and  the  drum  electric,  machines. 

10  Between  the  horizontal  and  vertical  hydraulic  cylinders  there 
is  little  choice  aside  from  the  individual  requirements  of  different 
installations  governing  the  amount  of  room  available  for  the  elevator 
machine.  It  has  been  demonstrated  that  the  drum  type  electric 
elevator  is  by  far  the  most  economical  in  operation  under  the  varying 
loads  which  must  necessarily  be  handled  in  high  buildings,  and  the 
question  is  often  raised  whether  the  relative  safety  and  speed  of  the 
hydraulic  and  electric  machines  may  best  be  answered  by  caUing 
attention  to  the  increasing  number  of  the  latter  type  of  drum  electric 
elevators  which  are  now  being  installed.  The  great  improvements 
made  in  the  past  few  years  in  developing  the  electric  machine  and 
perfecting  methods  of  control  make  it  certain  that  it  will  be  used  to 
the  practical  exclusion  of  all  other  types  before  very  long,  even  in 
high  buildings  where  it  must  meet  the  most  rigid  requirements  for 
the  highest  attainable  standard  of  safety,  speed  and  economy  of 
operation. 

'Shi.  Willia:\i  H.  Bryan  The  traction  elevator  as  now  developed 
promises  to  be  a  most  excellent  machine,  and  is  already  giving  a  good 
account  of  itself.  It  seems  to  have  captured  the  last  remaining  strong- 
hold of  the  hydraulic  elevator — the  tall  building  requiring  long  travel 
and  high  speed.  It  has  done  away  with  the  burdensome  worm  gear 
and  large  winding  drums,  and  has  still  further  improved  operating 
efficiency. 

2  The  most  serious  objection  to  this  type  of  elevator  is  the  cx- 
t  remely  large  motor  required  to  give  the  poAver  necessar}'  at  the  very  low 
speed  to  which  it  is  limited  by  direct  connection  to  the  traction  sheave. 
This  increases  its  first  cost,  and  its  weight,  the  latter  an  important 
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matter  when  the  machine  is  placed  over-head,  the  location  now  gener- 
ally pi'cferi'ed.  Lower  motor  efficiency  and  greater  space  I'cquii'cd 
are  furtlier  objections.  An)^  design,  therefore,  which  [)eiinits  high 
rotative  speed  for  sheave  and  motor,  would  appear  to  be  of  decided 
value.  The  speed  of  car  fixes  the  peripheral  speed  of  slieave,  and  the 
diameter  of  the  latter  must  be  large  enough  to  insure  satisfactory 
adhesion  and  life  of  cable.  Has  the  experiment  been  tried  of  using  a 
greater  number  of  smaller  cables  running  over  smaller  sheaves? 
For  instance:  the  example  cited  by  the  author  (Par.  2),  shows  a  sheave 
40  inches  in  diameter,  speed  57  revolutions  per  minute.  Presumal)ly 
the  cables  are  f  inch  diameter.  Four  3^  cables  are  equivalent  to  one 
s  inch  and  Avill  give  satisfactory  results  over  a  12  inch  sheave,  per- 
mitting the  motor  speed  to  be  increased  ,3^  times,  or  to  190  r.p.m. 
Why  not  use  the  smaller  cables,  and  put  in' four  times  as  many  of  them? 
The  same  automatic  tension  adjusting  scheme  could  be  used  as  is  now 
so  successfully  employed.  In  such  a  case  the  breaking  or  renewing 
of  a  single  cable  would  be  a  matter  of  minor  importance,  thus  increas- 
ing the  factor  of  safety. 

3  There  would  seem  to  be  no  objection  to  widening  the  face  of  the 
sheaves  to  admit  the  increased  number  of  cables.  If  greater  adhesion 
is  desired,  so  as  to  do  the  required  work  with  a  single  half  wrap,  thus 
narrowing  the  face  of  the  sheave  and  doing  away  with  the  idler  sheave, 
could  not  the  gripping  V  grooves  so  successful  in  ]\Ianila  rope  trans- 
mission be  employed?  The  grooves  could  be  made  with  the  usual 
wood  or  rubber  facing.  These,  of  course,  would  wear  in  time  and 
need  renewal.  Furthermore,  very  nice  design  and  adjustment 
would  be  necessary  in  order  to  insure  proper  adhesion  when  needed, 
and  at  the  same  time  permit  slipping  when  the  car  or  counterweights 
land  on  the  buffers.  Another  method  of  increasing  cable  adhesion  is 
by  magnets,  which  have  been  used  where  one  of  the  cars  is  intended 
for  occasional  use  with  extra  heavy  weights,  such  as  safes. 

4  The  advantages  of  higher  motor  speed  could  also  be  secured  by 
the  use  of  additional  traveling  and  standing  sheaves,  as  was  done  in 
the  German-American  and  Beaver  buildings.  New  York  City,  and  as 
has  been  standard  practice  with  hydrauUc  machines  for  many 
3'ears.  Higher  motor  speed  might  also  be  secured  by  chain  drive  from 
motor  shaft  to  traction  sheave,  a  device  which  has  very  high  mechani- 
cal efficiency. 

5  It  should  be  remembered,  however,  that  tliis  machine  is  not 
available  for  speeds  under  about  400  feet  per  minute,  such  as  are 
ordinarily  required  in  department  stores,  hotels,  and  apartment 
lu)uses.     For  these  a  worm  gear  machine  in  which  the  traction  sheave 
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is  substituted  for  the  oidinary  drum  is  Ix'ina:  used.  This  tj'pe  has 
all  the  advanta<ies  of  the  jieai'less  luachiue  iu  i)ositiveiiess  of  terminal 
stops,  and  has  the  advantage  over  it  of  less  ral)le  wear,  this  resultiui!; 
from  the  lari^er  slieave  diameter  permissilile.  It  is  also  lower  in  first 
cost,  weighs  less,  anil  occupies  less  space.  Its  efficiency  however, 
is  probably  not  c^uite  as  great,  in  spite  of  the  smaller  and  higher  speed 
motor.  It  would  seem  to  be  fully  as  available  for  high  speeds  and 
long  travel  as  the  gearless. 

G  It  would  seem  that  some  shppage  of  cable  is  unavoidable  in  all 
traction  machines.  This,  and  the  necessity  of  using  sheaves  of  mini- 
mum diameter  in  the  gearless  type,  tend  to  shorten  the  life  of  the 
cables. 

7  The  author's  proposed  adcUtional  control  by  substituting  for 
the  brake  a  miniature  worm  gear  of  low  pitch  driven  l)y  an  independ- 
ent motor  in  speed  synchronism  with  main  motor,  appears  to  be  an 
excellent  arrangement.  It  would  seem  to  make  such  an  elevator  as 
safe  as  any  elevator  supported  by  cables  can  be  made.  UndoLibtedly 
the  worm  gear  in  the  drum  machine  is  an  element  of  safety  in  retard- 
ing speed,  a  fact  which  seems  to  be  recognized  by  standard  builders 
in  omitting  the  reserve  car  brake  from  geared  traction  machines. 
There  would  appear  to  be  some  chance  for  friction  and  wear  and  tear 
if  the  motors  did  not  synchronize  perfectly.  The  cost  would  prob- 
ably be  increased  somewhat,  as  the  additional  parts  would  amount  to 
more  than  -would  be  saved  by  the  omission  of  the  brake  sheave. 
Neither  would  it  seem  reasonable  than  its  current  consamption  should 
be  materially  if  anyless. 

8  While  the  author's  plan  involves  no  elements  experimental  in 
themselves,  the  combination  is  unique.  Unexpected  difficulties  may 
arise  in  practice,  and  it  is  hope  that  Mr.  Pratt  will  put  the  device  into 
actual  experimental  service  as  soon  as  possible,  and  advise  the  pro- 
fession of  the  results. 

9  It  does  not  appear  that  trouble  need  be  anticipated  from  a  too 
sudden  stop  in  case  the  controlling  motor  failed  on  a  down  trip.  As 
this  would  be  the  ordinar}'  and  regular  method  of  stopping,  the  origi- 
nal adjustments  would  have  to  be  made  to  suit.  Should  the  hoisting 
motor  still  be  taking  current  its  circuit  breaker  would  at  once  open. 
Old  types  of  steam  machines  were  made  with  low  pitch  gears  which 
locked  the  car  when  stopped,  and  which  were  provided  with  small 
f]}"wheels  for  bringing  the  car  gradually  to  rest. 

10  The  locking  brake  suggested  by  the  author  has  l^een  criticized 
for  two  reasons;  1st.  In  the  event  of  its  failui-e  there  would  be  a  sud- 
den and  probably  destructive  sto]i;  and  2d.      In  the  event  of   lack   of 
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syiicliroiiism — wliicli  to  tlic  writer  seems  to  present  some  diffinilties 
— there  will  be  fi-iction  and  wear  and  tear.  Tt  seems  to  the  writer 
that  l)oth  these  coiiditions  could  he  met  by  a  slight  el ian,s>,e  in  the  con- 
struction. Instead  of  makin.m;  the  worm  an<ile  5  deg.,  or  less  as  pro- 
posed, \vh>'  not  make  it  somewliat  lariiei',  so  that  its  function  would 
become  more  a  l)raking  and  less  a  locking?  This  would  practically 
reproduce  the  conditions  of  the  oi'dinary  geared  machine.  Further- 
more, a  small  fly  wneel  would  keep  the  apparatus  in  motion  for  a  few 
seconds  after  derangement,  thus  affording  a  more  gradual  stop. 

Mr.  W.  F.  Hendry  The  elevator  apparatus  described  by  Mr. 
Pratt  is  extremely  ingenious  and  interesting,  the  requirements 
apparently  being  fulfilled  in  a  manner  quite  worthy  of  the  inventor 
of  the  screw  machine. 

2  The  arrangement  as  described  is  noteworthy  for  reUability  and 
simpUcity,  but  being  intended  apparently  merely  as  a  suggestion, 
the  paper  is  quite  brief  and  leaves  considerable  to  our  imagination. 
There  are  several  points  concerning  which  a  more  elaborate  description 
would  doubtless  be  of  interest  to  the  members. 

3  For  example,  in  Par.  15,  it  is  proposed  to  use  a  motor  of  com- 
paratively small  size  to  secure,  through  the  non-reversible  worm  gear, 
the  desired  speed  regulation  of  the  car.  The  speed  of  this  "controll- 
ing" motor  will  be  variable  through  as  wide  a  range  as  practicable  by 
means  of  resistance  introduced  in  the  field  circuit.  Such  motors 
as  ordinarily  constructed  may  be  designed  for  a  maximum  speed 
three  times  the  minimum.  A  motor  built  with  auxiliary  commutating 
poles,  and  with  a  low  horse  power  output  per  pound  might  be  designed 
for  a  variation  of  G  to  1. 

4  If  therefore  the  maximum  speed  of  the  car  is  600  feet  per  minute, 
the  lowest  speed  at  which  the  car  will  be  under  control  of  the  opera- 
tor will  be  100  feet  per  minute.  When  making  a  landing  he  would 
therefore,  after  having  reduced  speed  to  this  figure,  bring  his  car 
switch  lever  to  the  middle  or  zero  position,  thereby,  through  suitable 
magnetic  devices,  opening  the  circuits  of  both  motors.  The  car  will 
then  continue  to  move  at  a  constantly  decreasing  speed  until  it 
finally  stops  even  with  the  landing. 

5  It  seems  probable  that  to  secure  this  ideal  retardation  by  means 
of  a  worm  gear  driven  backward,  considerable  experimenting  will  be 
necessary  in  order  to  obtain  a  gear  which  will  allow  a  reasonable 
length  of  run,  and  yet  eventually  lock. 

6  Under  uniform  conditions  of  torque  and  lubrication  this  might 
not  be  difficult,  l)ut  the  former  varies  from  positive  to  negative  and 
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attains  a  value  of  several  hundred  pounds  in  each  direction,  which 
condition  makes  tlie  problem  quite  interesting. 

7  It  might  be  suggested  that  armature  resistance  would  reduce 
tiie  speed  of  the  controlling  motor,  but  it  should  be  kept  in  mind  that 
while  the  car  is  traveling  up  with  maximum  load,  the  motor  will  be  tak- 
ing full  load  current  from  the  line,  and  when  going  down  this  current 
will  become  infinitesimal,  so  that  a  resistance  to  affect  the  desired 
result  would  be  somewhat  cumbersome. 

S  If  it  be  supposed  that  the  speed  of  the  hoisting  motor  is  reduced 
from  57  revolutions  per  minute  to  10  revolutions  per  minute  by  a 
corresponding  reduction  of  control  motor  speed,  the  question  imme- 
di  ately  arises  as  to  the  speed  at  which  the  circuit  of  the  former  is  opened . 

9  If  the  hoisting  motor  is  disconnected  too  soon,  the  load  thrown 
on  the  control  motor  will  blow  its  fuse,  while  if  disconnected  too  late, 
it  will  blow  its  own  fuse. 

10  A  very  nice  adjustment  is  indicated  especially  in  view  of  the 
variable  conditions  as  to  amount  and  direction  of  the  torque. 

11  Another  question  arises  as  to  the  details  of  speed  control. 
If  the  simplicity  is  to  be  retained,  pilot  motor,  and  similar  compli- 
cated controllers  are  to  be  avoided,  which  means  that  the  control 
motor  shunt  field  rheostat  will  be  located  in  the  car  and  practically 
form  part  of  the  car  switch.  All  who  have  operated  elevators  know 
to  their  sorrow  how  short  is  the  life  of  a  traveUng  cable;  in  fact  they 
are  usually  installed  with  one  more  wire  than  actually  necessary  in 
order  to  have  a  spare  because  it  frequently  happens  that  a  wire  will 
break  in  the  first  few  weeks  of  use,  though  the  others  may  last  a  year 
or  so. 

12  In  this  arrangement  the  shunt  field  wires  being  in  the  traveling 
cable,  the  continuitj^  of  the  circuit  is  in  constant  jeopardy.  Should 
this  circuit  be  interrupted,  the  control  motor  would  attain  under  cer- 
tain conditions,  almost  an  infinite  speed.  If  the  car  Avas  on  the  down 
trip  with  full  load,  the  action  would  be  similar  to  the  newspaper 
stories  mentioned  by  the  author.  When  the  operator  finally  realized 
that  the  car  was  running  awa}"",  and  brought  his  car  switch  to  the  stop 
position  causing  the  main  circuit  control  magnets  to  disconnect  the 
hoisting  and  control  motors  from  the  line,  the  car  may  easily  have 
attained  a  speed  of  1000  feet  per  minute  and  the  practicability  of 
retarding  and  stopping  the  car,  by  the  means  described,  without 
discomfort  to  passengers  would  be  tried  to  the  limit. 

13  It  may  be  thought  that  the  fuse  of  the  controlling  motor  would 
blow  if  the  shunt  field  circuit  was  interrupted,  this  however  will  not 
happen  to  this  type  of  motor,  if  it  is  running  free,  or  with  a  very  light 


A    HIGH    SPEED    ELEVATOR  545 

load,  which  would  be  the  case  with  the  circumstances  under  considera- 
tion. Neither  would  the  series  winding  have  any  appreciable  effect 
as  the  current  passing  through  it  would  be  far  less  than  necessary  to 
provide  sufficient  flux  to  reduce  the  speed. 

14  The  author  in  closing  verbally  states  that  safety  of  life  and 
limb  should  not  depend  upon  electric  circuits,  magnets,  etc.  and  thus 
implies  that  the  controller  for  this  elevator  will  be  a  comparatively 
simple  affair,  and  that  continuity  of  any  circuit  will  not  be  relied  upon 
to  prevent  accident. 

15  Under  the  conditions  mentioned  above,  however,  the  only 
means  of  stopping  the  car  would  be  tlie  dynamic  action  of  the  main 
motor,  either  by  deUvering  current  to  the  line  or  to  a  local  circuit  of 
resistance  sufficiently  large  to  dissipate  the  energy.  In  either  case, 
the  circuit  would  include  magnetic  switches,  fuses,  resistance  etc. 
which  the  author  recognizes  as  unrehable  devices.  These  and  other 
minor  problems  are  in  no  sense  insurmountable,  but  the  solution  there- 
of must  be  carefully  considered,  in  order  that  the  simplicity,  so  attrac- 
tive in  the  paper,  be  retained  in  the  actual  machine. 

Mr.  J.  W.  Mabbs^  It  seems  to  me  that  the  elevator  under  con- 
sideration is  a  step  in  the  right  direction.  It  undoubtedly  adds 
greatly  to  the  safety  of  an  elevator  which  by  many  is  considered 
unsafe. 

2  I  want  to  present  an  elevator  that  is  pronounced  by  competent 
experts  to  be  the  safest  elevator  in  existence.  Safety  is  undoubtedly 
the  greatest  consideration  in  any  elevator;  it  should  be  the  first  con- 
sideration, although  recently  it  seems  as  though  some  people  had 
departed  from  this  doctrine  and  had  made  the  matter  of  safety  sub- 
servient to  other  things. 

3  The  elevator  shown  in  Fig.  1  was  designed  at  a  time  when  there 
was  nothing  in  the  electrical  fine  that  could  compete  with  a  first  class 
hydraulic  elevator  or  that  was  satisfactory  to  the  engineering  fra- 
ternity or  pubHc  at  large. 

4  It  was  desirable  to  have  but  one  kind  of  power  in  a  building, 
consequently  there  was  the  demand  for  a  satisfactory  electric  elevator. 
The  drum  machine,  the  best  at  the  time,  was  restricted  to  a  speed  of 
350  feet  per  minute;  had  numerous  defects;  was  not  a  safe  machine; 
was  generally  unsatisfactory  and  especially  so  for  high  office  buildings. 

5  The  first  machine  as  it  is  shown  here  was  installed  in  the  Chicago 
Board  of  Trade  building  five  years  ago,  and  up  to  the  present  time  has 
run  about  25  000  miles  at  an  expense  for  repairs  and  some  changes 

'  Chief  Engineer  of  the  Board  of  Trade,  Chicago. 
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of  $432.  This  includes  everything  pertaining  to  an  elevator;  the 
signals,  lights,  gates,  hoisting  ropes,  electric  cables,  the  machine  and 
controller.  In  other  words,  the  maintenance  of  this  elevator  for 
repairs  of  every  description  was  aljout  $86  a  year.  The  speed  of  this 
car  is  from  575  to  600  feet  per  minute,  giving  absolutely  satisfactory 
service  in  a  building  whose  requirements  were  pronounced  by  one  of 
your  most  distinguished  members,  when  he  was  installing  electric 
elevators  in  it,  to  be  the  severest  in  the  United  States.  After  three 
years  of  uninterrupted  service  of  the  first  Mabbs  machine,  the  electric 
machines  referred  to  above  which  had  proved  extremely  costly  both 
in  operation  and  repairs  and  very  unsatisfactory  generally,  were 
replaced  by  four  Mabbs  machines  shown  in  Fig.  2.  This  view  shows 
the  machines  in  the  basement,  at  the  bottom  of  travel,  when  the  cars 
are  at  the  top;  it  also  clearly  shows  the  pneumatic  buffers  which  are 
an  absolute  hmit  stop. 

6  The  principle  of  this  elevator  is  that  the  machine  constitutes 
the  counter  balance  of  the  car,  and  is  the  only  counter  weight.  The 
cables  are  arranged  so  that  the  machine  is  geared  two  to  one  and  when 
the  machine  ascends  the  car  descends,  and  vice  versa. 

7  Fig.  3  gives  an  idea  of  the  construction  and  design  of  the 
machine.  The  machine  has  a  vertical  armature  and  shaft,  upon 
which  are  mounted,  in  order,  the  brake  pulley,  upper  bearing,  com- 
mutator, armature,  coupling,  worm,  lower  bearing,  and  roller  thrust. 
The  armature  is  keyed  rigidly  to  the  shaft  and  is  connected  to  the 
worm,  which  is  really  a  sleeve  on  the  shaft,  by  means  of  the  coupUng 
shown.  This  is  arranged  so  as  to  permit  of  the  armature  being 
rotated  for  the  purpose  of  smoothing  up  the  commutator,  etc.,  with- 
out operating  the  gearing. 

8  The  worm  drives  the  two  worm  wheels,  which  are  mounted  on 
the  two  horizontal  shafts,  and  on  these  shafts  are  four  pinions  which 
engage  the  four  vertical  racks  which  in  turn  are  mounted  on  cast  iron 
columns,  up  and  down  which  the  motor  operates. 

9  The  current  is  carried  to  the  armature  by  trolleys  mounted  on 
porcelain  blocks  on  the  inner  face  of  one  of  the  beams.  One  set  of 
the  trolley  brushes  is  shown  in  Fig.  3.  They  are  made  with  a  super- 
abundance of  wearing  and  contact  surface,  and  after  five  years  there 
are  no  burned  spots  on  the  trolley. 

10  Fig.  4  shows  the  arrangement  of  the  flexible  cables  which  are 
put  up  in  dupUcate  and  carry  the  circuits  for  the  fields  brake  so/enoirf, 
and  slack  cable  device. 

11  Fig.  5  shows  the  detail  of  the  lower  pneumatic  buffer,  the 
upper  buffers  are  clearly  shown  in  Fig.  3.     These  buffers  are  designed 
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with  sufficient  capacity  to  take  care  of  the  momentum  of  the  ma- 
chine when  traveUng  at  full  speed,  plus  the  full  power  of  the  motor. 

12  The  motor  of  this  machine  is  specially  designed.  In  the  first 
machine  it  was  armature  controlled;  in  the  last  four,  field  controlled. 
The  lower  part  of  the  machine  (Fig.  3)  is  an  oil  chamber  which  is 
filled  with  oil  to  a  point  just  below  the  horizontal  shafts.  All  parts 
of  the  machine  are  automatically  lubricated  with  the  exception  of 
the  upper  bearing  and  the  idler;  these  are  supplied  with  grease  cups 
and  require  attention  about  once  a  week.  This  chamber  being  filled 
with  oil,  the  rotation  of  the  worm  wheels  and  worm  lubricate  every 
part  of  it  perfectly,  including  the  bearings  of  the  horizontal  shafts. 
The  first  machine  ran  2J  years  on  the  first  charge  of  oil  without 
attention.  The  last  four  machines  have  now  been  in  nearly  two  years 
without  changing  the  oil,  and  the  total  bill  of  expense  for  lubrication 
is  $6. 

13  The  service  of  this  machine  is  shown  by  a  test  made  on  the 
first  one,  when  doing  regular  business  and  running  express,  stopping 
at  five  out  of  nine  floors.  The  car  made  547  round  trips  in  540 
minutes.  The  Hfe  of  the  cables  is  unusually  long  as  shown  by  the 
record  of  the  first  machine.  After  five  years  service  and  making 
25  000  car  miles,  they  are  still  in  good  condition  and  it  is  the  opinion 
of  the  inspectors  that  they  are  good  for  50  per  cent  more  service. 
The  design  and  construction  of  this  machine  are  such  as  to  make  it 
most  reliable  and  durable  and  thus  eliminate  repairs.  After  25  000 
miles  of  car  travel  the  racks  have  not  worn  out  all  the  tools  marks, 
and  the  teeth  of  the  phosphor  bronze  worm  wheels  are  hardly  poUshed 
all  the  way  across  their  face.  The  total  bill  for  repairs  for  the  four 
machines  (Fig.  4)  for  one  year  was  $318.  This  includes  everything 
pertaining  to  the  elevators.  Of  this  amount  only  $83  was  spent  on 
the  machine  proper;  $43  was  spent  for  repairing  an  armature  that  was 
damaged  by  a  wire  band  becoming  loose  at  night,  leaving  $40  as  the 
total  repair  bill  on  four  machines  for  a  year,  or  $10  per  }■  ear  per  eleva- 
tor, the  balance  being  spent  on  the  cars,  signal  gates,  controllers,  etc. 

14  The  great  feature  of  this  machine  is  its  safety,  which  should 
be  the  first  consideration  in  any  elevator.  Automatic  stops  are 
placed  at  both  ends  of  travel  of  the  machine  which  slow  down  the 
machine,  cut  off  the  current  and  set  the  brake,  in  case  the  operator 
fails  to  do  so,  and  if  the  machine  goes  beyond  this  point  it  trips  the 
main  circuit  breaker  and  cuts  off  the  current  from  both  controller  and 
machine  and  beyond  this  again  are  the  buffers,  or  mechanical  stops, 
which  are  sufficient  to  take  care  of  the  machine  in  case  the  operator 
and  all  automatics  fail.     It  is  evident  from  this  arrangement  that  the 
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car  can  never  be  jerked  into  the  overhead  work  and  pull  the  cables 
out  of  the  car,  as  has  often  happened  in  other  t3'pes  of  elevators; 
neither  can  it  be  dropped  into  the  basement  and  the  counter  weights 
jndlcd  down  upon  the  car,  a  most  common  and  serious  accident  in 
other  elevators.  A  greater  strain  can  never  be  put  upon  these  cables 
than  the  load  in  the  car.  A  push  button  is  placed  in  the  car  whereby 
the  main  circuit  breaker  can  be  instantly  tripped  by  the  operator, 
shutting  off  the  current  from  both  the  controller  and  machine.  This 
is  for  use  in  case  of  disarrangement  of  the  car  box  of  the  controller. 
This  principle  of  the  machine  and  these  "arrangements  make  it  the 
safest  electric  elevator  in  existence.     All  the  parts  of  these"machines 


FIG.  5     BED  PLATE  AND  LOWER  BUFFER 


are  accessible  when  the  machines  are  at  the  lower  end  of  travel  and 
are  easily  and  quickly  taken  apart  and  put  together. 

15  I  have  recently  made  some  improvements  in  the  first  machine, 
changing  its"old  spring  buffers  to  oil  buffers,  and  I  find  the  oil  buffers 
are  a  decided  improvement  over  the  pneumatic,  as  they  have  a 
greater  capacity  and  no  recoil,  the  objectionable  feature  of  the  pneu- 
matic buffer.  The  speed  of  the  machines  I  have  already  installed, 
range  from  540  to  600  feet  per  minute,  but  a  much  greater  speetl  can 
be  given,  if  desired,  and  safely  controlled.  In  the  case  of  very  high 
office  buildings,  such  as  are  being  erected  in  New  York  I  could  safely 
give  them  a  speed  of  a  thousand  feet  per  minute.     This  elevator  is 
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'particularly  adapted  for  extremely  high  buildings,  there  being  no 
additional  compUcations  in  its  construction  or  operation  in  the 
highest  liuildings  over  those  of  ordinary  height.  The  operation  and 
control  of  this  elevator  is  pronounced  by  all  who  have  ridden  in  it  to  be 
ideal,  its  start  and  stop  being  smooth  and  at  the  same  time  very  quick, 
it  being  possible  to  reverse  this  car  when  traveUng  at  full  speed 
without  a  perceptible  pause  and  without  the  sUghtest  shock  or  jar. 
These  features  mean  increased  and  satisfactory  elevator  service  and 
make  it  particularly  adapted  for  service  where  ladies  are  patrons. 

16  The  space  occupied  by  these  machines,  including  clearance  is 
52  by  42  inches,  but  I  am  working  on  a  new  design  which  will  bring 
the  width  of  this  shaft  down  to  20  by  24  inches. 

17  The  racks  and  pinions  are  all  cut  steel  and  when  they  are 
properly  cut  and  erected  they  run  noiselessly.  The  most  noise  from 
these  machines  is  the  hum  of  the  commutator. 

18  The  current  consumption  of  the  first  machine,  running  express 
for  a  period  of  over  four  years  was  3.44  kw.  per  car  mile,  there  being 
conditions  and  days  when  it  dropped  below^  3  kw.  per  car  mile.  The 
four  machines  shown  in  Fig.  2  which  run  locally  operating  much 
larger  and  heavier  cars  and  carrying  heavier  loads  showed  an  average 
current  consumption  for  a  period  of  76  weeks  of  3.5  kw.  per  car  mile. 
As  I  said  before,  the  service  is  unusual,  and  is  undoubtedly  the 
severest  required  of  any  elevators  in  this  country. 

Mr.  E.  S.  Matthews  Under  this  title  Mr.  Pratt  invites  our  atten- 
tion to  an  electric  wheel  and  axle  friction  cable  drive  elevator  which 
has  been  called  the  gearless  traction  electric  elevator,  and  to  a  device 
which  he  advocates  attaching  thereto  for  the  purpose  of  improving  it 
generally  and  particularly  for  rendering  it  safer. 

2  The  friction  cable  drive  has  been  well  known  in  cable  railway 
work,  mining  and  blast  furnace  hoists,  and,  to  a  limited  extent,  in 
elevator  work;  but  until  recently  it  has  not  been  extensively  employed 
in  high  grade  passenger  elevator  construction.  There  is,  however, 
no  reason  why  it  should  not  be  so  employed  under  proper  conditions. 

3  It  is  interesting  to  note  some  of  the  earher  t5rpes  of  this  friction 
drive  elevator,  and  Fig.  1  shows  a  form  of  factory  elevator  machine 
driven  by  belt  in  which  the  friction  cable  drive  was  employed  a  quar- 
ter of  a  century  ago,  in  exactly  the  same  manner  as  in  the  traction 
elevator  of  today.  This  machine  was  usually  located  as  shown  in 
the  sketch,  in  some  story  of  the  building  (not  over  the  hatchway,  as 
is  now  usual  with  the  traction  elevator),  and  while  the  hfting  end  of 
the  cables  passed  up  the  hatchway  to  the  overhead  sheaves,  the  coun- 
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terweight  end,  passing  up  through  the  floors  of  the  factory  near  the 
hatchway  (as  shown),  as  this  was  not  considered  objectionable  in 
factor}''  construction. 

4  Fig.  2  shows  a  sketch  of  a  steam  direct  elevator  machine  Avhich 
employed  the  friction  cable  drive  in  a  little  different  form,  utiUzing 
about  270  degrees  of  arc  contact,  and  this  machine  is  particularly 
interesting  at  this  time  as  it  also  employed  a  direct  wheel  and  axle 
steam  power  drive,  a  steam  d3'namic  brake  and  a  steam  releasing 


FIG.  1     THE  FRICTION  DRI\^  OF  25  YEARS  AGO 


friction  brake,  or  exactly  the  same  power  driving  and  controlling 
devices  which  are  now  employed  on  the  gearless  traction  elevator 
with  the  mere  substitution  of  the  force  of  electricity  for  that  of  steam. 
This  elevator  was  constructed  by  Henry  J.  Reedy,  of  Cincinnati, 
Ohio,  a  man  of  more  than  ordinary  originality  and  ingenuity  in  me- 
chanical contrivance  and  was  successful  in  every  respect  except  that 
the  oscillating  cylinder  mechanism  proved  defective. 

5  The  Crane  steam  direct  elevator  employed  the  steam  dynamic 
brake  aided  by  the  friction  of  the  worm  gear  and  the  engine,  in  stop- 
ping and  holding  its  load. 
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6  It  is  a  marked  peculiarity  of  the  elevator  industry  that  as  soon 
as  a  new  type  of  machine  is  brought  prominently  forward,  many  argu- 
ments are  at  once  discovered  in  its  favor,  and  they  are  strenuously 
advanced  by  its  advocates  possibly  without  mature  consideration. 

7  We  have  seen  this  in  the  case  of  the  plunger  elevator  Avhich  we 
discussed  about  a  year  ago. 

8  Paragraph  5  of  Mr.  Pratt's  paper  seems  to  the  writer  to  be  of 
this  nature.     It  reads  as  follows: 

"Experiments  made  by  the  author  on  this  form  of  traction  rope  drive,  using 
iron  wire  hoisting  ropes  running  in  smooth  round  grooves  in  the  traction  sheave, 
with  from  1^  to  7^  half  traction  turns,  demonstrate  that  the  least  traction 
obtained  is  with  new  dry  ropes  on  new  dry  grooves,  and  that  after  considerable 
running  there  is  not  3  per  cent  difference  in  traction  between  a  dry  rope  and 
a  rope  flooded  with  any  kind  of  lubrication.  This  estal)lishes  the  fact  that  if 
this  elevator  will  handle  its  full  load  when  it  is  first  started  with  new  ropes,  it 
will  always  handle  its  full  load  safely.  " 


'^m^/, 


FIG.  2     REEDY  STEAM  DIRECT  ELEVATOR 


9  These  experiments,  if  accurate,  also  seem  to  establish  the  fact 
that  the  coefficient  of  friction  between  metal  surfaces  dry  and  amply 
lubricated  is  practically  the  same,  which  conclusion  is,  of  course, 
untenable. 

10  Further,  the  results  as  stated  do  not  agree  with  the  experience 
of  the  writer  or  that  of  the  Trenton  Iron  Company,  as  quoted  in  Kent's 
Handbook,  or  with  well  known  determinations  of  the  coefficient  of 
friction. 

11  The  Trenton  Iron  Company  gives  for  the  coefficient  of  friction 
of  wire  rope  on  a  grooved  iron  drum  0.120  when  dry,  and  0.070  when 
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greasy;  and  adds  the  statement  that  the  importance  of  keeping  the 
ropes  dry  is  evident  from  these  figures. 

12  Tlie  manner  in  which  the  coefficient  of  friction  enters  into  the 
determination  of  the  pull  of  the  friction  cable  drive  or  traction,  as  it 
is  now  called,  is  shown  from  the  fundamental  equations  governing  the 
case. 

Let  Tj  be  the  tension  on  the  least  pulled  cables  on  one  side  of 

the  driving  sheave  when  slipping  is  about  to  take  place. 
Let  7^2  1^6  ^1^6  tension  on  the  most  pulled  cables  on  the  other 

side  of  the  driving  sheave  at  the  same  time. 
Let  /«  be  the  coefficient  of  friction. 

Let  ^be  the  angle  of  contact  of  cables  over  driving  sheave  in 
circular  measure. 


Then  —  =  /.  ^^^  ^^ 


or 


or 
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when  £  =  the  base  of  the  system  of  natural  logarithms. 
L3     We  thus  see  that  the  coefficient  of  friction  enters  into  the  deter- 
mination of  the  traction  as  an  exponential  function,  thus  strongly 
affecting  the  result. 

14  It  is  sometimes  stated  that  the  rigidity  of  the  wire  cables  is  so 
great  as  to  seriously  modify  the  theoretical  considerations  above 
advanced,  and  at  a  superficial  glance  such  might  seem  to  be  the  case. 

15  We  will  find,  however,  that  under  the  conditions  of  the  problem 
as  it  exists  in  practice,  this  rigidit}'  ha$  but  slight  effect  and  may  be 
practically  neglected. 

Let  M  =  the  bending  moment  producing  curvature  around  the 
driving  sheave. 

Let  R    =  the  radius  of  the  driving  sheave. 

Let  I     =  the  moment  of  inertia  of  a  single  wire  of  the  cable. 

Let  T  =  the  tension  applied  to  the  wire  to  produce  the  curva- 
ture required. 
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Let  E  =  the  modulus  of  elasticity  for  wire  in  wire  rope  with 
the  twist  employed  in  this  construction. 

Let  p  =  the  pressure  per  unit  length  of  arc  required  to  produce 
the  required  curvature  at  the  point  where  the  cur- 
vature is  a  maximum. 

Let  n    =  the  number  of  wires  in  the  wire  rope. 

T  T 

Then  since  pR  =  T,  p  =    „  and  M  =  ^  and  remembering  that 

EI 
M  =  -jZ   we  have,  examining  a  single  wire, 

T       El 
2R  -   fi  W3 

or  in  the  case  of  a  wire  rope  0.75  inches  in  diameter,  composed  of 
wires  of  0.05  inch  diameter,  where  £"  is  15  000  000  a  special  value 
given  by  Rankine  for  use  in  wire  rope  computations,  and  which  the 
writer  considers  practically  correct  we  find  T  =  9.206  pounds.  With 
wire  rope  0.625  in  diameter  composed  of  wires  0.045  inch  in  dia- 
meter we  find  T  =  6.039  pounds. 

16  These  ropes  have  six  strands  of  19  wires  each,  a  total  of  114 
wires;  we  thus  ascertain  that  when  carrying  loads  of  1050  and  688 
pounds  respectively  f  inch  and  f  inch  wire  cables  will  truly  conform 
to  the  curvature  of  the  driving  sheave,  and  exercise  upon  it  the  proper 
pressure  due  to  the  tension  upon  them,  except  for  a  unit  distance  of 
arc  as  they  leave  the  wheel  where  they  become  tangent  to  its  cir- 
cumference just  that  much  earlier  than  a  perfectly  flexible  band  would 
do. 

17  When  thus  operating  the  J  inch  cable  is  working  under  a  factor 
of  safety  of  18   and  the  |  inch  cable  under  a  factor  of  safety  of  25. 

18  With  the  40  inch  diameter  driving  sheave  mentioned  in  Mr. 
Pratt's  paper  and  the  ordinary  design,  the  variation  of  the  angle 
d  is  about  3  per  cent  from  that  taken  by  a  perfectly  flexible  band 
and  the  variation  of  the  angle  d  between  that  caused  by  a  fully  loaded 
car  and  an  empty  car  is  about  ^  of  1  per  cent. 

19  Since  the  amount  of  this  inoperative  tangency  varies  inversely 
as  the  square  root  of  the  tension  of  the  cables  we  see  that  their 
rigidity  does  not  materially  affect  the  laws  governing  the  friction 
drive  or  traction  of  the  machine. 

20  The  bending  of  these  cables  of  course  lowers  the  mechanical 
efficiency  of  the  machine,  but  we  are  entirely  familiar  with  this  con- 
sideration and  do  not  need  to  investigate  it  at  this  time. 
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21  It  is  interesting  to  detennine  the  conditions  under  which  the 
cable  works  to  the  best  advantage  or  when  a  due  proportion  of  stress 
is  caused  by  bending  and  tension  respectively  dependent  upon  the 
relative  diameters  of  the  cable  wires  and  the  driving  sheave. 

Let  /  be  the  total  stress  and  /^  and  /^  the  stress  caused  by  bend- 
ing and  the  tension  respectively, 

then/  =/,  +  /,  [5] 

EI  I 

22  The   bending  moment   is  il/  =     _     and  also  M  =  /j,  ^ 

when  d,  is  the  diameter  of  the  wire.     Equating  these  values  j^  = 

Ed  .  .  .       . 

If  T  is  the  total  longitudinal  tension  m  the  rope  of  n  wires 

2R 

T 

each  of  d  inches  diameter,  then  /^  = ,   and  the  total  stress  of 

4 

.      ,     .       .    ,       Ed          T     ^ 
the  most  stranied  wires  is  /  = + hence, 

'  2/2  TT  „ 

4 

"^-{'-l^^  [6] 

•      dT  R        W      ^ 

%\     Differentiating  and  placing  -rr  =  0  we  find  -r-  =  -.v  or  R   = 
^         '^  do  o         4f 

375. 

24  If  the  wire  is  2^)  inch  diameter  the  diameter  of  the  driving  sheave 
would  be  37^  inches. 

25  It  has  always  been  well  known  that  the  high  speed  electric 
elevator  depends  entirely  upon  friction  for  sustaining  its  load  when 
at  rest;  but  the  extreme  simpUcity  of  the  design  of  the  traction  ele- 
vator reduces  this  friction  to  merely  that  of  a  brake  and  it  brings  this 
fact  out  prominently. 

26  Before  a  wreck  could  occur  from  the  failure  of  this  friction 
brake  on  the  machine,  the  emergency  car  brake,  and  the  car  safety 
device  would  also  both  have  to  fail  and  simultaneous  failure  of  all 
these  three  devices  is  highly  improbable;  while  terminal  buffers 
control  an}ihing  safely  at  the  limits  of  travel  except  the  most  extra- 
ordinary car  velocities. 

27  The  machine  would  doubtless  be  improved  by  having,  like  a 
hydrauUc  elevator,  a  positive  sustaining  power;  provided  that  dis- 
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advantages  and  complications  are  not  introduced  which  more  than 
offset  any  gain  effected. 

28  If  all  the  good  results,  so  fully  mentioned  by  Mr.  Pratt  in  his 
paper,  are  to  be  obtained  by  the  use  of  his  device,  they  can  be  demon- 
strated either  by  a  sound  and  scientific  mathematical  treatment  or  by 
experiment  and  either  way  is  equally  conclusive  for  there  is  no  con- 
flict between  true  theory,  worthy  of  the  name,  and  experimental 
physics. 


FIG.  3  SAFETY  ELEVATOR  DEMONSTRATED  IN  BROOKLYN 


29  While  the  author  has  given  us  much  valuable  matter  in  this 
paper  it  seems  to  be  largely  made  up  of  predictions  of  expected 
results  based  almost  entirely  on  reasoning  from  analogy,  which  is 
never  of  itself  logically  conclusive. 

30  Opinions  on  such  subjects  often  vary  and  demonstration  by 
experiment  is  the  only  method  of  convincing  all  sorts  and  kinds  of 
persons. 

31  The  only  question  involved,  it  seems  to  the  writer,  is  that  of 
safety  for  it  is  totally  unnecessary  to  add  a  second  motor  to  the  appa- 
ratus in  order  to  secure  proper  control. 
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32  It  hardly  seems  necessary  to  discuss  the  elevator  brought  to 
our  attention  by  Mr.  Mabbs  for  every  engineer  can  judge  of  its  com- 
parative complexity,  and  the  space  taken  up  by  the  machine  extend- 
ing up  through  the  building  and  which  must  always  be  accessible  at 
all  points  is  of  itself  alone  prohibitive.  The  writer  has  never  seen 
any  elevator  driven  b}^  a  rack  and  pinion  from  Hanford's  elevator 
years  ago  installed  in  the  State  House  in  Boston,  Mass.,  and  aban- 
doned to  the  Mabbs  elevator  of  today,  in  which  the  motion  of  the  car 
is  as  smooth  as  he  would  A\ish  in  passenger  elevator  service. 


FIG.  4 
Traction  and  Plunger  Elevator  Running  in  New  York  City 


33  The  writer  does  not  feel  that  the  gearless  traction  drive 
elevator  "has  all  the  elements  of  safety  and  perfection  of  control 
of  the  hydraulic  elevator"  for  a  passenger  car  on  one  end  of  a  set  of 
cables  and  a  heavy  over-balance  weight  on  the  other  end,  causing 
the  elevator  to  possess  the  quality  of  possibly  falling  upwards  as 
well  as  downwards,  and  -uith  no  sustaining  power  bej'ond  a  friction 
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brake,  cannot,  from  the  very  nature  of  the  case,  be  considered   as 
inherently  safe  as  the  hydraulic  elevator. 

34  The  principle  of  duplication  seems  to  have  been  carried  to 
excess  of  late  in  the  invention  of  safety  devices  as  an  inspection  of 
several  lately  offered  will  show. 

35  Fig.  3  represents  a  device  which  was  demonstrated  by  experi- 
mental apparatus  before  an  audience  in  the  city  of  Brooklyn,  and  con- 
sists practically  in  adding  to  any  elevator  a  Hale  2  to  1  vertical  cylin- 
der machine  carrying  the  counterweight  within  it  and  operating  upon 


FIG.  5    ELEVATOR  PROPOSED  FOR  METROPOLITAN  TOWER 


air  which  holds  the  car  in  case  of  faUing  by  the  compression  caused  by 
the  resistance  of  its  exit  from  this  cyUnder;  this  resistance  being  indi- 
cated in  the  sketch  by  the  spiral  coil  of  pipe  above  this  cylinder. 

36  Fig.  4  represents  a  gearless  traction  electric  elevator  with  a 
plunger  untler  the  car  which  merely  circulates  the  water  to  and  from  a 
supply  tank  for  the  sake  of  the  safety  supposed  to  be  secured  by  such 
an  operation  as  governed  by  the  action  of  terminal  stop  valves  oper- 
ated by  cables.  It  is  in  operation  in  a  prominent  building  in  New 
York  City. 
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37  Fig.  5  represents  the  attachment  to  an  ordinary  plunger  ele- 
vator of  a  Crane  2  to  1  gravity  lifting  plunger  hydraulic  elevator  in 
the  place  of  a  counterweight  in  order  that  the  mass  of  the  counter- 
weight may  be  controlled,  that  safe  upward  stops  may  be  made  on 
the  plunger  elevator,  and  the  danger  incident  to  pulling  the  car  and 
plunger  apart  might  be  reduced  to  a  minimum. 

38  The  writer  is  credibly  informed  that  this  construction  was  offered 
for  the  Metropolitan  Life  Insurance  Co.  Tower  Building  by  advocates 
of  the  plunger  elevator  and  it  is  evident  in  such  a  case  that  the  Crane 


FIG.  6    TELESCOPIC  ELEVATOR  SAFETY 


2  to  1  elevator  replacing  the  counterweight  would  do  all  the  lifting  and 
controUing  while  the  plunger  would  simply  dangle  from  the  car  in 
order  to  give  an  appearance  of  safety,  while  to  proceed  one  step  fur- 
ther, it  is  evident  that  the  construction  would  be  much  improved  by 
amputation  of  the  plunger  as  close  to  the  car  as  possible,  for  every 
engineer  now  knows  that  in  the  case  of  the  high  rise  plunger  elevator 
the  lifting  is  really  done  by  the  massive  iron  counterweight  which 
raises  the  car  when  the  lower  portion  of  the  plunger  is  buoyed  up  by 
water  pressure. 
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39  Fig.  6  represents  the  placing  of  a  telescopic  plunger  elevator 
under  any  elevator  car,  to  be  operated  by  air,  and  to  act  as  a  safety 
device  on  the  same  principle  as  that  shown  in  Fig.  3,  the  resistance 
to  air  exit  being  shown  by  spiral  pipe  as  in  Fig.  3. 

40  Fig.  7  represents  an  elevator  demonstrated  by  experimental 
apparatus  in  Philadelphia  and  from  which  extraordinary  design  actual 
machines  have  been  built,  as  the  writer  is  credibly  informed.  It 
consists  of  two  lifting  plungers  which  raise  the  load  by  their  weight 
and  are  operated  by  hydraulic  pressure  under  them  in  addition  to 


FIG.  7  AGGREGATION  ELEVATOR  ACTUALLY  CONSTRUCTED 


which  an  electric  apparatus  (not  shown  in  the  sketch)  is  attached  to 
the  overhead  sheaves  so  that  the  car  can  be  operated  by  this  means 
also,  or  jointly  by  both.  This  device  might  justly  be  called  the  prod- 
uct of  aggregation. 

41  Fig.  8  represents  the  device  offered  by  Mr.  Pratt,  which  prac- 
tically consists  of  adding  a  dead-lock  worm  gear  elevator  to  the 
electric  traction  gearless  elevator  for  the  purpose  of  combining  the 
advantages  of  these  two  machines. 


564 


A    HIGH    SPEED    ELEVATOR 


42  Amid  all  this  reduplication  and  aggregation,  which  cannot  be 
called  invention,  we  must  not  fail  to  remember  that  when  we  combine 
two  or  more  elevator  mechanisms  we  not  only  add  their  advantages 
but  we  also  add  their  disadvantages,  and  that  also  incompatibility 
between  some  of  the  functions  of  these  mechanisms  may  produce 
defects  in  the  combination  Avhich  neither  of  itself  possessed. 


FIG.  8     THE  PRATT  DEVICE 

43  The  writer  earnestly  believes  that  better  results  will  be  obtained 
along  the  line  of  elevator  progress  by  directing  efforts  in  some  other 
direction. 


Mr.  Thomas  E.  Brown  The  gearless  traction  drive  elevator  dis- 
cussed by  the  author  in  his  paper  is,  we  believe,  the  best  form  of  high 
speed  electric  passenger  elevator  yet  devised.  It  has  all  the  elements 
of  safety  and  perfection  of  control  of  the  hydraulic  elevator,  and  is 
superior  to  it  in  that  it  maintains  high  acceleration  and  high  speed 
with  loads  closely  approaching  the  maximum. 

2  This  elevator  was  described  by  the  writer  in  a  paper  read  before 
the  International  Engineering  Congress  at  St.  Louis  in  1904.     In  that 
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paper  the  writer  said  of  it  that  it  is  "expected  to  be  used  generally 
in  the  future  for  high  Ufts  and  high  speeds,"  and  we  think  this  expecta- 
tion is  rapidly  being  realized. 

3  The  machine  in  its  principles  is  not  new,  the  so  called  "traction 
drive"  being  that  commonly  used  with  cable  railways,  and  used  by 
the  writer  on  several  mountain  railways.  This  form  of  drive  was 
patented  by  Mr.  George  H.  Reynolds  in  1886,  and  the  direct  attach- 
ment of  the  motor  to  the  driving  sheave  was  shown  by  A.  L. 
Duwelius  in  a  patent  issued  in  1897,  and  the  present  machine  is  the 
combination  of  the  direct  motor  of  Duwelius  with  the  "traction 
drive"  of  Re>niolds. 

4  Numbers  of  machines  with  friction  rope  drives  have  been  in 
operation  for  years,  both  in  this  country  and  Europe,  but  in  all,  as 
far  as  the  writer  knows,  high  speed  motors  were  used  with  reduction 
gearing,  or  non-retarding  rigging,  as  covered  by  the  Duwelius  patents 
of  the  Otis  Elevator  Company,  and  the  novelty  of  the  present  machine 
lies  in  the  extremely  slow  speed  of  the  motor  and  entire  absence 
of  gearing. 

5  This  combination  was  proposed  by  the  writer  several  years  ago, 
but  met  with  no  encouragement  from  electrical  engineers,  as  it  was 
believed  that  the  slow  speed  motor  would  be  extremely  large  and 
costly,  and  of  very  low  efficiency. 

6  Experience  has  shown,  however,  that  when  designed  and  con- 
structed for  this  slow  speed  the  efficiency  is  about  as  high  as  that  of 
the  high  speed  motors  designed  for  elevator  service,  and  high  efficiency 
is  maintained  from  about  one-quarter  to  full  load,  or  over  nearly  the 
whole  range  of  loadings  occurring  in  the  variable  elevator  service. 

7  The  size  and  cost  also  are  not  prohibitive.  The  size  of  the 
motor  is  offset  by  the  reduction  in  size  of  the  drum,  and  the  cost  of 
the  motor  is  offset  to  some  extent  by  the  saving  in  the  gearing.  The 
first  cost  of  the  elevator  is  greater  than  that  of  ordinary  drum  eleva- 
tors, but  when  it  is  considered  that  the  elevators  now  being  con- 
structed for  the  Metropolitan  Life  Tower  will  lift  3000  pounds  in  the 
car  at  a  speed  of  600  feet  per  minute,  and  will  accelerate  the  total  moving 
mass  of  about  20  000  pounds  to  this  speed  in  about  four  seconds,  it 
would  seem  doubtful  whether  a  geared  machine  of  the  ordinary  type 
to  do  the  same  duty  could  be  produced  at  any  less  cost,  and  it  is  quite 
certain  that  any  type  of  hydraulic  machine  of  the  same  rise  and  duty 
would  be  much  more  expensive. 

8  The  writer  thoroughly  agrees  with  the  author  in  the  merits  he 
describes  as  inherent  in  this  type  of  machine.  The  sufficiency  of  the 
friction  cable  drive  hardly  admits  of  discussion,  as  it  has  been  proved 
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by  many  years  of  use.  The  writer  has  installed  a  plant  of  three 
elevators  having  but  270  degrees  of  contact,  and  finds  the  tractive 
force  sufficient  for  ordinary  passenger  elevator  service. 

9  We  can  not  agree  with  the  author  that  the  traction  is  greatest 
with  well  worn  and  thoroughly  lubricated  ropes,  as  our  own  experi- 
ments indicate  the  contrary,  but  the  difference  between  new  dry, 
and  old  thoroughly  lubricated  ropes  is  less  than  10  per  cent;  hence  for 
all  practical  purposes  the  condition  of  the  cables  does  not  materially 
affect  the  traction. 

10  The  safety  of  the  traction  drive  elevator  is  esF.entially  greater 
than  that  of  any  other  existing  type  for  the  following  reasons: 

a  It  admits  of  the  use  of  a  large  number  of  ropes  of  which  the 
simultaneous  breakage  is  well  nigh  impossible,  and  may 
therefore  be  considered  as  entirely  without  danger  of  a 
"free  fall." 

h  It  is  free  from  the  greatest  of  all  elevator  dangers,  namely, 
overwinding. 

c  It  has  the  best  of  all  speed  regulators,  namely,  the  shunt 
wound  motor. 

11  In  addition  to  these  points  of  safety  inherent  in  the  design  and 
construction  it  is  provided  with: 

a  A  double  brake  held  off  by  the  current,  and  only  used  in 
normal  operation  to  hold  the  machine  when  not  in  motion. 

h  A  speed  governor  controlling  the  motor. 

c  A  hand  brake  in  the  car  under  the  control  of  the  operator. 

d  At  least  one  set  of  efficient  safety  devices  operated  by  a 
speed  governor. 

e  Also  the  usual  electric  terminal  stops,  and  in  addition  to 
these,  long  stroke  buffers,  under  the  car  and  counter- 
weight, capable  of  stopping  the  elevator  at  the  greatest 
speed  it  can  reach,  by  gravity,  at  either  terminal. 

12  It  would  seem  quite  impossible  that  all  of  these  safety  elements 
could  fail  simultaneously;  but  let  us  assume  for  the  sake  of  argument, 
that  all  the  electric  devices  and  the  motor  fail,  and  the  two  brakes  on 
the  machine  fail,  then  under  the  worst  condition  which  can  occur  in 
the  cases  cited  by  the  author  the  car  can  accelerate  by  gravity  at 
about  1.6  feet  per  second  (one-twentieth  of  the  acceleration  of 
gravity);  or  the  condition  is  the  same  as  that  of  an  ordinary  trolley 
car  on  a  5  per  cent  grade. 

13  We  are  perfectly  content  to  ride  in  a  trolley  car  with  no  other 
provision  for  safety,  in  the  event  of  failure  of  the  electric  devices,  than 
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brakes  controlled  liy  the  motorman,  and  no  efficient  terminal  stops 
at  the  bottom  of  the  grade.  Then  how  much  more  content  we  should 
be  in  an  elevator  car  imder  the  same  conditions  with  all  the  automatic 
safeties  noted  in  addition  to  the  brakes,  and  most  efficient  terminal 
stops  and  buffers  at  the  end  of  the  run. 

14  It  would  seem,  therefore,  that  the  worm  gear  and  extra  motor 
and  control  proposed  by  the  author  would  be  a  complication  added 
on  the  plea  of  safety  to  an  already  essentially  safe  machine,  and  tend 
to  defeat  the  very  objects  of  its  production,  namely,  perfection  of 
control,  rapid  service,  simpUcity  and  high  efficiency. 

15  The  writer  thinks  there  will  be  some  practical  difficulties  in  the 
design  of  the  proposed  worm  gear.  The  author's  patent  shows  the 
gear  somewhat  larger  than  the  driving  drum.  If  it  were  the  same 
diameter  as  the  driving  drum,  the  normal  peripheral  speed  of  which 
must  be  600  feet  per  minute,  the  pitch  line  speed  of  the  worm  of  5 
degrees  angle  must  be  about  6700  feet  per  minute;  rather  a  high  speed, 
involving  either  a  very  large  diameter  of  worm,  or  a  very  high  motor 
speed. 

16  Unless  we  are  assured  of  absolute  synchronism  under  all  varia- 
tions of  acceleration  and  speed,  a  fast  moving  worm  would  be 
subjected  to  considerable  frictional  resistance,  involving  loss  in 
efficiency,  and  the  motor  could  not  well  be  of  negligible  size,  as  it 
must  be  capable  of  overcoming  the  greatest  pressure  that  may  be 
brought  upon  the  worm  under  any  condition.  It  would  seem  that 
the  acceleration  and  retardation  of  the  high  speed  motor  would 
tend  to  lengthen  the  starting  and  stopping  distance  of  the  elevator 
rather  than  shorten  this  distance,  and  detract  from  one  of  the  greatest 
merits  of  the  elevator,  namely,  active  and  rapid  service. 

17  It  is  difficult  to  see  how  the  author's  device  can  improve  the 
almost  uniform  acceleration  of  2.5  feet  per  second  already  accom- 
plished by  this  machine. 

18  There  are  many  cases  of  two  motors  working  together,  but  in 
all  such  cases  where  worms  are  used,  they  are  of  long  pitch,  and  the 
motors  do  nearly  equal  work  and  synchronize  mechanically.  It 
would  seem  quite  a  different  matter  to  synchronize  two  motors;  one 
under  variable  loads,  positive  and  negative,  and  the  other  under  no 
load,  and  while  the  author  suggests  this,  he  does  not  give  the  slightest 
hint  in  his  paper  how  it  is  to  be  accomplished. 

19  It  should  also  be  considered  whether  such  a  device  may  not 
introduce  elements  of  danger,  such  as  the  possibility  of  locking  of  the 
gears  while  in  rapid  motion  and  it  is  quite  certain  that  a  short-circuit 
of  the  motor  would  be  destructive  to  the  machine.     The  writer  has 
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experienced  the  destruction  of  a  double  motor  machine  by  the  short- 
circuiting  of  one  of  the  motors. 

20  In  the  writer's  opinion  all  the  merits  enumerated  in  Par. 
22  of  the  paper  exist  in  the  elevator  as  it  is  now  designed  and  con- 
structed, and  it  will  not  be  improved  by  the  addition  of  the  proposed 
worm  gear  device. 

21  Mr.  Matthews  has  given  us  a  little  outline  of  the  history  of 
the    traction    drive    elevator,  in  which  he  showed  us  the  machine 

n  Fig.  2  which  was  produced  by  Mr.  Reedy.  Mr.  George  H.  Rey- 
nolds in  1886,  that  is  22  years  ago  or  at  about  the  same  time  this  one 
was  produced,  produced  a  traction  drive  elevator  which  is  practically 
the  same  as  that  we  use  today,  with  the  exception  that  instead  of  the 
motor  driving  the  drum  direct,  it  drove  it  through  the  medium  of  a 
worm  gear;  that  is  to  say,  it  was  essentially  the  same  machine  Mr. 
Pratt  has  shown  us,  if  you  remove  the  large  motor  and  make  the 
controlling  motor  do  the  driving. 

22  The  principal  novelty  of  the  traction  elevator  of  today,  is 
the  attachment  of  the  large  slow  speed  motor  direct  on  the  axle  with- 
out the  intervention  of  any  gearing. 

23  Much  stress  has  been  laid  by  the  other  speakers  on  the 
question  of  safety.  There  can  be  no  doubt  that  as  high  a  degree  of 
safety  as  can  practically  be  obtained  is  essential  in  elevator  service  as 
well  as  in  all  means  of  transportation,  but  we  must  not  forget  that  an 
elevator,  like  a  locomotive,  a  steamboat,  or  a  trolley  car,  has  certain 
functions  to  perform,  and  while  it  must  be  made  as  reasonably  safe 
as  such  service  will  permit,  any  attachment  which  you  put  upon  it 
which  cuts  down  that  service,  in  other  words  impairs  its  usefulness 
for  the  purpose  intended,  certainly  cannot  be  advantageous.  Abso- 
lute safety  can  only  be  attained  when  motion  is  entirely  prevented. 

Mr.  Clyde  R.  Place  We  have  had  the  high  speed  elevator  for  a 
number  of  years,  if  600  f.p.m.  may  be  considered  the  limit  of  comfort- 
able travel  for  persons  riding  in  a  car  operated  at  that  speed,  but  we 
have  not  had  the  high  lift,  high  speed  elevator  with  engines  occupy- 
ing so  convenient  a  space  as  in  the  electric  traction  type,  until  very 
recently. 

2  From  personal  observations  and  study  of  tests,  it  appears  to  the 
writer  that  the  traction  elevator  has  made  possible  almost  an  un- 
limited height  of  travel  at  a  comfortable  speed  and  a  minimum  elec- 
trical energy  consumption,  without  sacrifice  to  control  or  comfort, 
while  the  question  of  safety  is  yet  under  discussion. 

3  Theoretically,  it  would  appear  that  Mr.  Pratt  has  obtained  a 
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very  happy  solution  of  a  feature  in  electric  elevator  operation  and 
construction,  commanding  the  attention  of  all  interested  and  con- 
cerned in  this  branch  of  engineering;  practically,  however,  there 
exist  certain  features  about  the  mechanical  and  electrical  operation, 
as  set  forth  by  the  author,  which  the  writer  would  like  to  know  are 
solved  by  regular  elevator  demonstration  and  operation  before  accept- 
ing the  results  to  be  obtained  as  set  forth  in  the  very  complete  pre- 
sentation by  the  author. 

4  Briefly,  the  author  has  taken  the  ordinary  worm  wheel  and 
worm  drum  electric  machine,  decreased  the  size  of  the  original  driv- 
ing motor  to  act  as  a  controlhng  motor  in  place  of  the  brake,  and 
directly  connected  a  large  slow  speed  motor  to  the  drum  shaft  and 
made  the  drum  the  traction  sheave  drive,  so  that  some  of  the  features 
inherent  in  the  drum  electric  exist  in  the  author's  arrangement,  while 
the  spring-actuated  brake,  forming  a  mechanical  feature,  has  been 
eUminated  entirely.  The  resulting  mechanism  is  a  composite  of  the 
traction-electric  and  drum-gear  electric  of  today.  Whether  or  no 
this  change  is  for  the  best  in  high-speed,  high-Uft  electric-elevator 
operation  is  a  question  for  demonstration  and  practical  solution  only. 

5  There  appear  to  the  writer  the  following  features: 

a  The  control  of  the  motors,  the  proper  accelerations  and 
retardations  of  the  motors,  and  the  tested  assurance  of 
their  mutual  and  ready  operation  under  the  general  con- 
ditions of  elevator  service. 

h  The  proper  design  of  the  worm  wheel  and  worm  to  accom- 
plish comfortable  operation  of  the  car  and  to  care  for  the 
safety  of  the  elevator  equipment  and  persons  in  case  of 
some  unusual  occurrence  to  the  motors  or  connections. 

6  In  regard  to  the  first  feature,  two  different  elements  under  one 
car  control  are  introduced:  one,  a  large  slow  speed  motor,  quickly 
accelerated;  the  other,  a  small  high  speed  motor  s'.ow'.y  accelerated, 
both  motors  having  different  windings. 

7  The  question  arises  whether  these  two  motors  can  be  built, 
without  an  unusual  amount  of  testing  and  adjustment,  to  operate 
so  mutually  that  neither  will  momentarily  assume  the  load  function 
of  the  other.  From  the  proposed  design  and  operation,  it  can  readily 
be  seen  that  this  condition  should  not  be  allowed  to  exist  too  frequently 
for  good  elevator  operation. 

S  The  fact  that  a  limited  amount  of  work  can  be  put  into  the 
traction  sheave  by  the  controlling  motor  before  it  is  stopped  by  the 
overload  does  not  signify  that  the  driving  motor  can  be  allowed  to 
work  back  through  the  worm  wheel  and  worm.     This  being  the  case. 
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it  would  seem  necessary  to  arrange  the  operation  of  the  controlling 
motor  a  little  in  advance  of  the  driving  motor  in  order  to  insure  that 
the  controlling  motor  takes  care  of  the  acceleration  and  retardation 
of  the  car;  only  this  motor  is  allowed  to  accomplish  these  opera- 
tions, since  it  is  manifest  that  the  construction  will  not  permit  this  of 
the  other  motor.  Experiment  and  demonstration,  however,  may 
make  it  possible  to  adjust  the  starting,  running  and  stopping  of  these 
motors  so  as  to  meet  these  severe  requirements  in  elevator  opera- 
tion. 

9  The  second  feature,  that  of  the  worm  wheel  and  worm  design 
for  comfortable  operation   and  safety,   brings  forward   this  point 

10  It  would  appear  that  the  angle  of  the  worm  should  be  considered 
with  the  speed  of  car  travel  and  its  average  load.  While,  as  the 
author  states,  certain  angles  prevent  the  worm  wheel  from  driving 
the  worm,  other  angles  allow  this  action  and  it  does  not  seem  advisable 
to  the  writer  to  construct  a  worm  which  cannot  be  driven  to  a  limited 
extent,  by  the  driving  motor  or  gravity  load. 

11  It  is  noted  that  the  author  speaks  of  the  car  "gradually" 
coming  to  a  stop.  This  action  depends  upon  the  load  in  the  car,  its 
speed  and  the  angle  of  the  worm.  These  conditions  being  right,  the 
car  will  come  to  a  stop  "gradually,"  otherwise  not. 

12  For  example,  suppose  a  car  with  average  load  is  descending 
600  f.p.m.  and  the  controlling  motor  gets  out  of  order  or  refuses  to  do 
its  work  in  operating  the  worm,  and  the  angle  of  the  worm  is  too 
small  for  the  driving  motor  or  car  to  drive  the  worm,  what  would  be 
the  result?  The  car  would  be  brought  to  such  a  sudden  stop  that 
not  only  would  the  persons  in  the  car  be  injured  but  quite  likely 
serious  damage  to  the  elevator  equipment  would  result.  On  the 
other  hand,  if  the  angle  of  the  worm  Avas  such  as  to  allow  it  to  be 
driven  by  the  large  motor  or  car,  the  car  would  accelerate  in  its  des- 
cent and  run  aAvay,  producing  unfavorable  results,  unless  the  car 
safeties  were  called  into  action.  The  question  therefore  arises, — 
What  is  the  proper  angle  for  the  worm,  and  can  this  be  definitely 
determined  to  meet  the  conditions  likely  to  arise  as  noted?  It  seems 
to  the  writer  that  this  question  of  the  correct  angle  for  the  worm 
requires  considerable  thought,  study  and  demonstration.  Either  a 
heavy  balance  wheel  on  the  shaft  of  the  worm  to  store  sufficient 
energy  might  be  considered  in  order  to  continue  the  rotation  of  the 
worm  for  a  short  space  of  time  in  the  case  where  the  worm  cannot  be 
driven  by  the  car,  or  a  small  friction  brake  might  be  placed  on  this 
shaft  to  act  in  the  case  where  the  worm  can  be  easily  driven  by  the 
car,  but  the  writer  merely  suggests  these  alternates. 
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13  The  Electric  Traction  type  of  engine  readily  adapts  itself  to 
many  advantageous  conditions.  It  can  be  placed  at  the  bottom 
or  at  the  top  of  the  elevator  shaftway,  as  well  as  at  intermediate 
floors,  by  a  simple  rearrangement  of  the  idler  sheave.  The  floor 
space  occupied  by  the  engine  is  small,  and  with  its  compact  construction 
makes  it  specially  adapted  for  high  office  building  work,  as  the 
engine  can  be  placed  over  the  shaftway,  and  permits  more  rentable 
area  in  the  building.  This  feature  is  brought  out  clearly  in  the 
elevator  layout  at  No.  1  Wall  Street,  New  York. 

14  One  of  the  buildings  connected  with  the  Grand  Central  Term- 
inal Improvements  is  so  constructed  and  situated  that  this  type  of 
engine  has  been  considered  for  this  building.  The  building  has  no 
basement,  this  space  being  occupied  by  tracks,  but  has  a  pipe  loft 
for  machinery  between  the  third  and  fourth  office  floors  while  the 
design  is  arranged  so  that  the  building  may  be  increased  in  height. 

15  The  writer  anticipates  a  steadily  growing  field  for  the  Electric 
Traction  Elevator. 

Mr.  C.  W.  Naylor^  The  ordinary  worm  gear  drum  type  of  electric 
machine  has  several  serious  defects,  even  sources  of  danger. 

2  The  brake  wheel  is  too  small  in  diameter;  the  brake,  when 
electric,  either  for  set  or  release  is  too  sudden  and  will  pull  lifting 
cables  out  of  clevises  in  two  years  or  less;  besides  it  makes  too  sudden 
a  stop  with  all  the  disagreeable  accompaniments,  in  spite  of  the  fact 
that  it  is  supposed  to  be  arranged  to  go  into  action  at  some  proper 
moment  that  will  avoid  the  occurrence  of  that  fault. 

3  In  practice  it  is  impossible  to  adjust  such  a  brake  so  that  it  will 
set  alike  for  different  speeds,  loads,  and  temperatures  in  the  machine. 

4  The  complicated  wiring  in  both  field  and  armature  for  a  magnet 
control  machine  is  a  source  of  worry  and  confusion  to  the  care  taker 
and  is  sometimes  carried  to  such  an  extreme  that  it  is  not  absolutely 
certain  in  which  direction  a  car  is  going  to  travel  when  the  controller 
handle  is  thrown  from  the  central  or  neutral  position. 

5  A  cross,  or  a  ground,  or  a  short  circuit,  anywhere  in  the  wiring 
will  often  lead  to  serious  and  not  easily  understood  complications  and 
uncertainty  as  to  just  what  the  machine  is  going  to  do  when  started. 

6  This  t\npe  of  nuichine  is  limited  to  lifts  of  200  feet  or  less, 
although  there  are  fairly  successful  installations  with  somewhat 
longer  lifts.  It  is  not  suited  for  speeds  of  over  350  or  400  feet  per 
minute. 

*  Chief  Engineer,  Marshall  Field,  Chicago. 
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7  If  the  starting  acceleration  is  not  too  great  the  machine  can  be 
very  economical  of  current  if  properly  counter-balanced. 

8  In  regard  to  the  overhead  traction  machine  to  be  used  in  your 
Singer  building  Mr.  Pratt's  suggestion  for  an  auxiliary  motor  driven 
worm  in  place  of  the  brake  band  is  not  so  clear  to  the  reader  but  that 
he  might  ask  will  it  synchronize  with  the  main  motor.  I  am  curious 
to  know  just  how  the  system  would  work  out  in  practice. 

9  Is  it  not  an  attempt  to  get  back  to  the  worm  gear  drive  on  the 
elimination  of  which  we  have  been  congratulating  ourselves? 

10  The  clanking  pendant  balance  chains  must  be  eliminated  from 
the  high  lift  and  high  speed  elevator,  from  the  open  hatchway  at 
least  if  not  for  good. 

11  The  quick  setting  car  dog  must  also  be  relegated  to  the  scrap 
pile. 

Mr.  R.  p.  Bolton  The  electrical  traction  elevator,  to  which  this 
paper  directs  attention,  is  the  logical  outcome  of  a  process  of  inventive 
deductions  which  has  gradually  brought  together  the  simple  elements 
of  a  slow-running  motor,  and  a  four-bend  cable  drive  of  sufficient 
surface  and  number  of  ropes  to  insure  a  frictional  hold  under  starting 
resistances.  The  course  of  invention,  in  order  to  reach  this  simple 
result,  has  had  to  pass  through  various  stages  of  complication,  each 
of  which  introduced  into  the  electrical  method  of  operation  some 
disadvantageous  or  insecure  elements. 

2  The  ingenious  screw-and-ball  nut  machine,  designed  by  the 
author  of  this  paper,  was  an  attempt  to  attain  high  speed  by  imitating 
the  operation  of  the  expanding  sheave  motion  of  the  hydraulic  piston 
or  ram,  while  the  drum  machine,  which  has  become  so  very  widely 
used  for  moderate  speeds,  is  an  adaptation  of  the  high  speed  motor  to 
the  winding  drum,  by  the  intermediary  of  a  reducing  gear,  generally 
in  the  form  of  a  worm  and  wheel.  These  were  followed  by  several 
forms  of  friction  drives,  highly  ingenious  but  dubious,  and  all  appear 
to  have  assumed,  as  a  fixedly  determined  element,  a  high  rotative 
speed  of  the  electrical  motor. 

3  The  author  scarcely  gives  himself  sufficient  credit  for  his  own 
share  in  directing  the  course  of  this  now  important  development  of 
electrical  operation,  for  it  was  his  experiments,  to  which  he  so  briefly 
refers,  w^hich  first  made  it  clear  that  such  a  method  of  hoisting  could 
be  not  only  practically  accomplished  but  successfully  controlled  at 
high  speeds. 

4  But  the  development  of  this  method  of  operation,  combined 
with  the  slow  running  motor  lay  dormant  for  some  years,  awaiting 
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the  introduction  to  it  of  the  means  of  positive  arrest  of  its  unUmited 
motion  of  car  and  counterbalance.  To  Mr.  Thos.  E.  Brown  the 
credit  is  due  for  the  perception  of  the  necessity,  and  for  its  offspring 
in  the  foi-iii  of  the  h}'(h'aulic  hiilTer  attached  to  car  and  counter- 
balance. 

5  The  condjination  presents  the  elements  of  security  to  a  superior 
degree.  The  ever  present  danger  with  the  drum  type  of  over  running 
the  car  or  tlie  counterweight  into  the  head  beams  and  the  equally 
present  danger  of  misplaced  ropes  are  eliminated,  as  well  as  the 
complicative  double  sets  of  counterweights,  ropes  and  sheaves  for  the 
back  drum  and  the  car  counter-balances. 

6  The  machine  thus  developed  bears  some  general  likeness  to  the 
hydraulic  plunger  machine,  with  the  essential  difference,  however, 
that  its  moving  mass  is  of  less  amount,  and  its  balance  of  parts  equal 
at  all  parts  of  its  travel.  Thus  far  we  find  the  author  in  full  sympathy 
with  the  development,  but  in  Par.  11,  he  confronts  us  with  an  appar- 
ent course  of  hidden  dangers,  for  which  he  proposes  a  device  as  a 
remedy. 

7  The  fact  that  a  friction  brake  is  not  positive  in  its  action  is 
incontrovertible,  but  to  a  considerable  extent  that  very  element  is 
conducive  to  a  secure  operation  of  the  elevator.  Any  means  of 
arresting  the  moving  mass  in  an  elevator,  must  be  so  regulated  as  to 
bring  about  a  gradual  retardation,  otherwise  the  arrest,  brought  about 
with  a  positive  appliance  such  as  that  which  is  proposed  by  the 
author,  may  introduce  extreme  strains  into  the  working  appliances. 
Stoppages  of  a  sudden  nature,  it  may  well  be  remembered,  are  pro- 
ductive of  the  same  effects  upon  the  living  load  as  a  fall  in  one  direc- 
tion, or  as  involuntary  ascent  in  the  other  direction. 

8  The  instantaneous  arrest  of  a  car  descending  at  a  speed  of  960 
feet  per  minute  produces  the  same  effect  upon  the  passenger  as  a 
free  fall  to  the  ground  of  four  feet,  and  the  sudden  stoppage  of  a  car 
at  the  same  speed  in  ascending,  would  leave  the  passengers  to  continue 
their  travel  and  return  to  the  car  floor  by  gravity. 

9  Any  rigid  apphance  for  arrest,  therefore,  requires  careful  pro- 
vision for  its  relief  in  case  of  too  sudden  an  application,  as  is  done  in 
the  hydraulic  machine,  where  the  cutting  off  of  the  exit  of  water 
would  otherwise  result  in  an  instantaneous  and  positive  stoppage 
were  it  not  for  the  usual  relief  valve. 

10  It  is  probable  therefore,  that  the  synchronous  worm  and 
wheel  device,  to  the  merits  of  which  the  rest  of  this  paper  is  devoted 
may  eventually  be  found  to  be  necessarily  connected  to  the  hoisting 
shaft  by  some  means  affording  flexibility,  whereby  in  case  of  its  too 
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sudden  stoppage  of  the  moving  mass,  a  certain  relief  motion  may  be 
permitted.  Otherwise  entire  tlependence  for  security  of  the  elevator 
will  be  transferred  from  the  electrical  controlled  valve  to  the  electrical 
control  of  the  secondary  motor,  which  ap{)ears  to  be  merely  an  ex- 
change of  liabihties. 

11  It  will  be  very  interesting  to  learn  the  results  of  the  author's 
experiments  with  this  method  of  control  in  actual  practice.  Until 
this  demonstration  it  will  be  well  to  withhold  final  judgment  upon  the 
frictional  brake,  which,  as  at  present  applied  to  this  type  of  machine 
is  a  well  tried  apparatus,  which,  with  the  particular  care  by  which  it 
and  all  other  parts  of  high  class  passenger  elevators  are  attended,  is 
not  to  be  considered  as  entirely  lacking  in  the  element  of  safety. 
Further,  the  frictional  brake,  in  its  later  development  in  the  traction 
machine,  is  supplemented  by  electrical  control  of  the  powerful  torque 
of  the  motor. 

12  The  brake  operation  being  preceded  by  the  gradual  cutting 
out  of  the  motive  circuit,  and  by  the  stoppage  of  the  motor  by  short 
circuiting  the  armature,  it  does  not  follow  therefore  that  the 
frictional  brake  has  in  stopping  the  moving  mass  any  severe  duty  to 
perform.  As  regards  the  reverse  or  starting  operation,  the  inter- 
related operation  of  applying  current  to  the  motor  and  to  the  solenoid 
which  pulls  off  the  brake,  is  facilitated  by  the  gradual  cutting  in  of 
current  in  the  armature  circuit,  and  is  not,  as  would  appear  from  the 
author's  remarks,  a  sudden  full  starting  current  apphed  to  the  arma- 
ture prior  to  the  release  of  the  brake. 

13  I  think  it  w^ould  be  well  if  a  definition  could  be  made  of  the 
term  safety.  It  is  evidently  in  itself  lacking  in  comprehensiveness, 
since  we  find  various  adjectives  utihzed  to  express  its  relative  char- 
acter, such  as  "entire,"  "complete,"  "absolute,"  and,  in  the  author's 
last  words  of  the  paper  "perfect  safety." 

14  I  regard  the  condition  under  which  elevator  apparatus  should 
be  found  as  better  described  by  the  word  "security."  The  difference 
may  perhaps  be  illustrated  by  the  practice  of  bankers,  w^ho  may  feel 
considerable  "safety"  in  loaning  to  certain  persons,  but  are  neverthe- 
less customarily  cautious  enough  to  demand  "security"  in  addition 
to  safety. 

15  In  Par.  17,  the  writer  used  the  phrase  so  constantly  misused 
and  productive  of  so  much  misunderstanding  on  the  part  of  non- 
technical persons,  in  alleging  that  the  car  deprived  of  cooperation 
between  motor  and  brake,  "falls  free"  to  the  bottom  of  the  hoist- 
w^ay.  Such  a  term  could  be  appUcable  only  to  such  conditions  as 
the  entire  separation  from  the  car  from  all  its  supporting,  or  retarding, 
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or  "safety"  appliances.  In  this  case,  it  is  particularly  misleadino;, 
since  with  this  particular  form  of  machine,  the  power  of  motor- 
control  and  reversal  would  still  remain  in  the  hands  of  the  operaloi'. 
while  the  descent  of  the  car  even  under  such  conditions  as  descriljed, 
would  not  be  "free,"  being  retarded  by  the  inertia  of  the  counter- 
weight, ropes,  rotating  sheaves  and  rotor,  to  say  nothing  of  the  Pratt 
or  other  "safety"  speed-controlling  devices  with  which  we  may  as- 
sume it  to  be  equipped. 

16  The  author's  point  of  view  of  the  traction  machine  seems  to 
be  mainly  that  which  deals  with  its  powers  of  retardation  of  the  mov- 
ing material,  and  he  has  not  dwelt  so  appreciatively  as  he  might  upon 
the  feature  of  the  important  powers  of  acceleration  which  this  type 
of  machine  affords,  due  to  the  large  size  of  the  motor,  and  to  the 
elimination  of  much  of  the  frictional  resistance  of  operating  parts. 

17  The  same  features  afford  a  capacity  for  the  operation  of  maxi- 
mum loads  at  maximum  speeds  and  the  combined  result  is  the  most 
effective  element  in  the  direction  of  traffic  capacity,  affecting  benefi- 
cially the  time  consumption  on  the  lifting  side  of  the  operation  of 
elevator  travel. 

18  It  is  interesting,  though  a  little  amusing,  to  learn  of  the  elabor- 
ate preparation  taken  prior  to  deciding  upon  this,  the  only  practicable 
form  of  machine,  for  the  tower  portion  of  the  Metropolitan  building. 
One  may  be  pardoned  for  wondering  why  it  was  necessary  to  take 
"over  1500  pages  of  testimony"  regarding  a  matter  in  which  elementary 
knowledge  of  elevator  conditions  must  have  eliminated  practically 
every  debatable  element. 

19  We  do  not  learn  if  the  same  extent  of  attention  was  paid  in  the 
Singer  building  to  this  subject  when  the  same  decision  was  priorily 
reached,  nor  are  we  told  whether  the  far  more  important  matter  of 
the  extent  and  character  of  the  elevator  service  to  be  provided  in  the 
case  of  either  building,  not  merely  by  the  machines,  but  by  the  cars, 
travels,  fioors  and  work  which  have  been  connected  with  them, 
received  any  attention  at  all. 

20  It  is,  however,  asserted  that  time  was  actually  consumed  in 
the  consideration  of  direct  plunger  machines  for  the  installation  first 
referred  to  above,  and  presumably  this  subject  forms  some  part  of 
the  fifteen  hundred  pages  of  testimony  which  could  well  have  been 
spared.  The  position  occupied  by  the  passengers  in  such  an  appa- 
ratus would  be  comparable  to  the  traditional  fly  upon  the  flywheel, 
without  the  ability,  however,  of  the  fly,  to  utiUze  wings  in  case  of 
necessity. 

21  With  a  loaded  car  at  top  of  such  a  run,  upwards  of  350  feet  of 
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plunger  would  be  hanging  from  the  bottom  of  the  car,  and  the  living 
load  would  form  i)ut  al)Out  5  per  cent  of  tlie  total  mass  in   motion. 

22  The  pulilishod  accounts  of  one  of  the  tower  buildings  afford 
some  iiii'ormatiou  as  to  what  number  of  elevators  are  to  be  installed 
therein  and  under  what  circumstances  their  duty  is  to  be  i)erformed. 
Running  express  to  the  thirteenth  floor  above  the  ground  floor,  the 
elevatore  are  to  become  way  cars  for  from  22  to  28  floors  above  that 
point,  a  number  of  floors  which  general  practice  has  shown  to  be 
excessive,  even  when  locally  served  without  the  delay  of  the  express 
run. 

23  Moreover  the  convenient  operation  of  a  bank  of  cars  of  which 
one  is  extended  considerably  in  travel  beyond  the  others,  results  in 
delaying  the  time  service  of  all.  For  so  long  a  run,  the  cars  which 
are  described  as  being  25  square  feet  in  area,  are  inadequate  in  size, 
and  have  insufficient  margin  of  capacity  to  handle  the  minimum  rate 
of  traffic. 

24  I  figure  that,  with  a  sacrifice  of  but  one  per  cent  of  the  net 
rentable  area,  an  adequate  number  of  elevators  could  have  been 
installed  in  the  Singer  tower,  the  result  of  which  would  have  been  to 
place  the  average  service  of  the  tower  portion,  ten  floors  nearer  the 
street,  a  result  which  an  authority  in  mortgage  values  tells  me,  would 
add  several  hundred  thousand  dollars  to  the  real  estate  value  of  the 
property. 

25  The  speed  of  600  feet  per  minute,  which  it  is  stated  is  demanded 
for  these  machines,  is,  by  the  circumstances  of  the  service  to  which 
they  are  to  be  apphed,  of  small  relative  value,  since  the  service 
imposed  upon  them  calls  for  local  stops  of  such  frequency  that  the 
maximum  speed  can  be  developed  advantageously  onl}^  on  the  com- 
paratively short  express  run. 

26  The  superior  power  of  the  traction  type  of  machine  to  acceler- 
ate maximum  loads  is  the  saving  element  in  the  adverse  conditions  of 
service  to  which  they  are  to  be  applied. 

27  With  due  allowance  for  this  element  it  can  be  shown  that  to 
extract  the  entire  tenants  from  the  tower  in  case  of  panic  or  other 
necessity,  about  40  minutes  time  would  be  required,  whereas,  with 
a  properly  proportioned  service  the  same  could  be  effected  in  18^ 
minutes. 

28  This  is,  I  consider,  a  test  which  should  be  apphed  to  the  suf- 
ficiency of  any  elevator  installation. 

29  It  is  unfortunate  that  the  opportunity,  afforded  by  these  high 
towers,  of  demonstrating  the  real  capabilities  of  modern  elevators, 
seems  to  have  been  so  far  missed,  as  to  leave  the  subject  verynuich 
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where  it  has  l:)een  left  by  other  new  types  of  building,  in  a  very  tangled 
and  indefinite  condition,  and  the  very  elaborations  devoted  to  the 
decisions  on  the  subject  of  the  type  of  elevator  machine,  however 
proper  the  conclusions  thereby  attained,  may  contribute  to  very 
indeterminate  conclusions  as  regards  the  practicable  value  of  tower 
buildings,  Avhich  with  proper  provisions,  as  to  the  service  to  which 
these  machines  are  to  be  appUed,  might  take  on  a  different  complexion. 
30  I  am  shortly  to  publish  the  results  of  my  work  on  this  part  of 
the  subject  of  elevators,  and  shall  hope  to  have  an  opportunity  at  a 
later  date  of  explaining  to  our  membere  the  limitations  and  operating 
conditions  of  elevators  and  their  due  and  proportionate  relations  to 
the  building  which  they  serve. 

Mr.  G.  a.  Orrok  The  author  is  to  be  congratulated  on  the 
ingenious  and  efficient  means  he  uses  to  supersede  the  spring  actuated 
friction  brake,  thus  increasing  the  safety  and  reliabilit}'  of  the  traction 
elevator  machine. 

2  Elevator  accidents,  while  comparatively  few^,  are  yet  common 
enough  to  make  us  welcome  any  improvements  tending  to  greater 
safety,  better  control  and  rehabihty.  The  drum  type  of  elevator 
machine,  under  the  influence  of  the  ever  increasing  height  of  our 
modern  office  building  and  the  necessity  of  maintaining  a  compara- 
tively high  speed  of  car  travel,  has  developed  limitations  and  is  given 
place  in  later  installations  to  the  traction  type  as  the  best  machine  for 
electric  elevator  service. 

3  Many  people  have  beUeved  that  the  surest  w^ay  to  have  safe 
elevators  was  to  install  the  plunger  type,  putting  up  with  the  increased 
cost  of  operation  to  secure  the  appearance  of  safety  which  the  presence 
of  the  plunger  affords.  This  is  a  fairly  good  proposition  when  there  is 
a  steam  plant  of  some  size  in  the  building,  but  with  the  power  service 
of  the  building  furnished  electrically  from  a  central  station,  now  the 
usual  practice,  the  electric  pump  and  hydraulic  elevator  is  at  a 
decided  disadvgjitage  as  compared  with  the  electric  elevator. 

4  The  introduction  of  the  traction  elevator  is  such  a  step  in 
advance  of  the  drum  type  that  it  will  be  used  more  often  for  high  speed 
work  than  any  other.  But  what  about  existing  plants  with  plunger 
elevators  whose  owners  have  to  maintain  a  steam  plant  or  use  electric 
pumps,  in  either  case  not  getting  the  economy  which  they  should 
obtain?  This  type  of  elevator  is  mainly  chosen  on  account  of  its 
safety  in  operation  and  when  installed,  is  not  being  replaced  by  other 
types.  For  such  cases  as  these  a  Member  of  the  Society,  Mr.  Thos.  E. 
Murray,  has  devised  a  combination  of  the  two  types,  putting  a  traction 


578 


A    HIGH    SPEED    ELEVATOI? 


nuichiuc  on  the  couuiervvciglU.  rope  of  the  c'xis(iii<i;  plunger  elevator, 
taking  off  the  hydravilic  hand  conti'ol  and  svihstituting  a  tank  for  the 
pressure  water  supply,  leaving  of  the  hydraulic  arrangements  only 
the  automatic  top  and  bottom  stops.  The  plunger  elevator  now 
becomes   an  electrically   driven   traction  elevator  with   a  plunger 


TRACTION    MACHINE 


SUPPLY    TO    TANK 


FIG.  1  COMBINED  TRACTION  AND  PLUNGER  ELEVATOR 


safety;  is  safe  to  a  greater  degree  than  the  plunger,  and  is  also  fairly 
efficient.  Fig.  1  shows  the  arrangement  of  the  experimental  machine 
as  at  present  installed  in  the  office  building  of  The  New  York  Edison 
Company. 

5     The  elevator,  as  outlined  above,  consists  of  a  car  suspended  from 
cables  which  pass  over  and  partly  around  the  sheaves  of  an  ordinary 
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traction  machine,  a  counterweight  being  aitiirhed   Id   llie  ojiposite 
ends  of  the  cable. 

G  The  car  is  also  equipped  with  a  phuiger  ruuniug  in  a  casing 
which  is  connected  to  a  water  supply  of  practically  constant  head. 
The  car  is  operated  by  an  electric  control,  in  the  same  manner  as  a 
traction  machine,  and  brought  to  rest  by  an  electrically  controlled 
brake.     Two  automatic  valves  are  placed  between  the  casing  and 


FIG.  2     SPEED  AND  ENERGY  CURVES  FOR  TRACTION   AND  HYDRO-ELECTRIC 

TYPES 


water  supply — one  being  automatically  operated  when  the  car 
reaches  a  point  at  a  certain  distance  from  the  bottom  floor  and  the 
other  w'hen  the  car  arrives  at  a  certain  distance  from  the  top  floor. 
7  We  have  at  the  Duane  Street  building  a  traction  elevator  which 
is  run  under  similar  conditions  with  the  hydro-electric  elevator,  as 
this  combination  may  be  called.  The  travel  of  the  car  in  both  cases 
is  about  120  feet,  while  the  speed  of  the  hydro-electric  elevator  is 
approximately  450  feet  per  minute,  and  of  the  traction  elevator 
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appioxinialcly  550  feet  per  miiiuto.  Wo  have  made  teste  of  both 
elevators  under  approximately  equal  fonditions  of  service,  and  Fig. 
2  shows  (MU'ves  of  ener,a;y  and  speed  covering  both  tests. 

S  The  curve  of  I  he  hydro-electric  elevator  shows  a  large  area  for 
the  braking  current  at  the  end  of  the  run  whicli  is  now  being  reduced 
by  the  application  of  other  devices.  The  total  current  used  per  car 
mile  in  the  case  of  the  hydro-electric  elevator  under  these  conditions 
is  3.G  kilowatts  per  car  mile;  the  current  used  for  the  traction  elevator 
is  3.3  kilowatts  per  car  mile.  It  should  be  noted  that  with  better 
speed  and  higher  lift  these  figures  would  undoubtedh'  be  much 
reduced. 

Mr.  John  D.  Ihlder  The  writer  agrees  with  the  author  that  the 
gearless  1 :1  traction  elevator  as  it  has  been  installed  for  the  past  years 
in  several  important  buildings  is  the  best  elevator  so  far  designed 
for  high  buildings.  In  the  design  of  this  machine,  as  the  author  points 
out,  the  parts  are  reduced  to  a  minimum,  so  that  with  proper  design 
of  motor,  controller  and  structural  work  the  elevator  will  not  only 
operate  at  a  higher  efficiency  tiian  any  other  elevator  used  for  tliis 
class  of  work,  but  also  is  safer,  and  having  few  parts  subject  to  deteri- 
oration its  repair  expense  is  very  small. 

2  The  mechanical  brake  (the  only  feature  to  which  the  author 
takes  exception)  may  possibly  in  the  future  be  improved,  just  as  un- 
doubtedly other  details  will  be  modified  to  meet  fut  are  requirements, 
but  the  mechanical  brake  in  its  present  form  is  a  very  safe  device. 
It  is  designed  in  two  independent  halves,  each  with  sufficient  power 
to  stop  the  car,  so  that  even  under  the  remote  possibility  that  one- 
half  of  the  brake  should  be  disabled,  the  other  half  will  still  insare  a 
safe  operation;  and  con.sidering  that  the  elevator  can  be  handled  In' 
an  experienced  operator  without  the  use  of  the  mechanical  brake 
there  is  no  reason  to  fear  that  any  failure  on  the  pai-t  of  the  brake  can 
endanger  the  safe  operation  of  the  elevator. 

3  Before  advising,  therefore,  any  substitution  for  the  brake,  we 
must  carefully  consider  whetlier  the  proposed  change  really  consti- 
tutes an  improvement.  To  be  an  improvement  the  change  should 
either  give  a  better  mechanical  design,  a  simpler  operation,  or  add  to 
the  safet}'.  Neither  of  these  reciuirements  ai'e  filled  by  tlie  author's 
proposition. 

4  The  non-reversible  gear  anrl  control  motoi'  as  a  substitute  for 
the  mechanical  brake  add  a  number  of  parts  to  the  pre.-^ent  simple 
machine,  maldng  it  more  complicated  and  expensive. 

5  The  operation  of  the  control  motor  is  far  from  the  simple  prob- 
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lem  which  the  author  leads  us  to  beheve.  He  dismisses  this  problem 
with  the  statement  to  connect  up  the  controlling  motor  in  circuit 
with  "the  hoisting  motor  so  they  will  synchronize  with  each  other 
in  startiiig,  stopi)ing  and  speed  regulation." 

(3  If  the  author  should  attempt  to  construct  a  machine  as  pro- 
posed he  will  find  that  to  make  a  control  motor  fill  these  conditions, 
and  in  addition  operate  in  conjunction  with  a  device  to  properly  con- 
trol the  power  supply  to  the  hoisting  motor  is  a  very  difficult  problem, 
not  merely  a  practical  combination  of  standard  elevator  construction 
requiring  no  experiment.  The  writer's  opinion  is  that  he  will  be- 
come discouraged  before  he  gets  a  practical  solution. 

7  If  a  practical  solution  can  be  solved  it  will  be  very  complicated, 
consuming  a  great  deal  more  power  than  the  small  power  used  for 
the  operation  of  the  mechanical  brake,  since  in  addition  to  the  power 
required  to  run  the  control  motor  considerable  power  will  Ije  wasted 
in  friction  on  the  non-reversible  gear,  which  must  retard  either  the 
control  motor  or  the  hoisting  motor,  whichever  happens  to  be  the 
faster  during  the  different  operations  of  starting,  running,  stopping 
and  speed  regulation. 

S  Considering  the  point  of  safety,  a  non-reversible  gear  will  un- 
(l()ul)tedly  prevent  the  hoisting  motor  from  running  faster  than  the 
speed  of  the  control  motor  allows;  but  in  case  the  control  motor 
should  ])ecome  short-circuited,  causing  it  to  stop  short,  the  hoisting 
motor  would  also  be  ai'rested  so  suddenly  that  it  might  become  dan- 
gerous to  the  passengers  and  the  machine. 

9  The  device  is  thus  open  to  objection  on  all  points  where  it  should 
show  an  advantage  over  the  mechanical  brake,  and  it  does  not  seem 
worth  further  serious  consideration  until  the  author  can  show  on  a 
completed  machine  that  the  objections  raised  are  unfounded. 

Mr.  F.  T.  Ellithohpe^  The  introduction  of  elevators  has  stimu- 
lated inventors  to  patent  a  large  number  of  safety  devices.  Some  of 
these  possess  considerable  merit,  while  many  are  practically  worth- 
less. 

2  The  accounts  of  elevator  accidents  from  the  published  data 
which  the  speaker  has  gathered  for  many  years  is  alarming,  and 
a  large  majority  of  them  are  caused  b}^  the  elevator  operator  not 
properly  closing  the  elevator  doors. 

3  During  the  past  year  from  this  feature  of  elevator  accidents  the 
number  I'an  up  to  about  T-IO,  tliis  being  a  ratio  of  nearl}'  9  to  1 ,  occui'- 
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ring  from  this  direction,  as  against  all  other  accidents  happening  from 
other  causes  on  the  vertical  railroad. 

4  Inventors  have  not  given  due  attention  to  the  providing  of 
devices  that  properly  safe-guard  elevator  doors. 

5  Would  it  not  be  wise  to  have  a  device  that  would  act  properly  so 
as  not  to  retard  the  speed  of  the  elevator,  and  yet  produce  more  pro- 
tection to  the  passengers? 

6  You  are  probably  aware  that  there  are  several  devices  on  the 
market  which  have  not  been  entirely  satisfactory;  most  of  them 
seriously  retard  the  speed  of  the  elevator.  What  seems  necessary 
is  a  device  which  will  cause  the  operator  to  be  more  careful  in  the 
closing  of  the  elevator  doors.  With  this  properly  done,  the  accident 
lists  in  the  future  must  be  greatly  decreased. 

The  Author  To  all  discussions  both  for  and  against  this  control, 
the  author  concedes  that  there  are  several  predictions  requiring 
means  not  shown  in  his  paper.  The  rigidity  of  the  direct  gearing 
was  undesirable  for  the  best  results;  and  the  author  has  provided 
means  whereby  the  speed  of  the  controlling  motor  positively  regulates 
the  speed  of  the  main  motor  by  means  of  differential  gearing  inter- 
posed between  the  w^orm  gear  and  the  main  motor,  whereby  the  power 
that  drives  or  retards  the  main  motor  is  regulated  to  compel  it  to 
sjTichronize  with  the  controlling  motor,  the  control  remaining  posi- 
tive but  flexible  to  a  limited  extent.  This  method  realizes  all  the  pre- 
dictions made  of  efficiency  and  control  as  w^ell  as  safety,  but  will  be 
subject  to  another  paper  referring  to  its  application  to  speed  control 
of  all  types  of  power  units. 

2  It  is  fortunate  for  the  author  that  the  criticisms  have  been  de- 
structive rather  than  constructive,  otherwise  some  fortunate  critic 
might  have  deprived  him  of  his  discovery  of  a  new  and  valuable  speed 
control.  But  whether  the  author  or  the  critic  achieves  the  result, 
the  utihty  of  presenting  and  discussing  advanced  ideas  before  our 
Society  is  demonstrated  in  this  instance.  This  closure  will  show  how 
the  safety  functions  can  be  obtained  in  a  perfectly  simple  and  reliable 
way,  wdth  no  possible  interference  with  the  present  functions  of  this 
elevator,  and  wdth  no  material  loss  in  efficiency: 

3  The  author's  efforts  to  introduce  this  present  method  of  traction 
rope  drive  have  been,  namely, 

1891     Designed  one  for  a  1000-foot  tower,  intended   for  the 

Chicago  World's  Fair,  but  not  erected. 
189G     Advised  it  for  the  Park  Row  Building,  New  York. 
1899     Paper  on  "Elevators,"  in  Transactions,  vol.  20,  p.  826. 


A    HIGH    SPEED    ELEVATOR 


58.3 


1899     Advised  the  Otis  Elevator  Company  to  use  it. 

1902     Built  one  for  the  Marine  Engine  and  Machine  Company. 

4  While  there  is  some  satisfaction  in  anticipating  by  over  14  years, 
a  method  so  obvious  that  it  should  have  been  accepted  at  the  first 
suggestion,  it  is  not  so  satisfactory  to  see  history  repeat  itself  by 
rejecting  another  suggestion  equally  obvious,  important  and  logical. 

5  There  are  members  of  our  Society  and  other  engineers  who  will 
read  this  paper,  who  know  that  this  new  traction  elevator  has  low- 


FIG.  1     SAFETY  DEVICE  DESCRIBED  IN  PARAGRAPH  6 


ered  the  old  standard  of  safety,  and  who  are  in  a  position  to  have 
this  grave  error  rectified.  To  such  engineers  I  present  the  follow- 
ing statement  of  one  way  in  which  this  elevator  can  be  positively 
controlled. 

()  The  control  as  originally  presented  has  its  distinct  finiction  of  a 
continuous  safety  brake  always  engaged,  and  as  such  is  a  practically 
operative  mechanism.     Referring  to  Fig.  1:  1  Main  armature  shaft. 
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2  Bearings  for  main  armature  shaft.  5  Main  hoisting  motor,  about 
50  horse  power.  4  Traction  driving  sheave,  o  Hoisting  ropes. 
6  Elevator  car.  7  Idler  sheave.  8  Counterweight.  9  Low  pitch 
worm  gear.  JO  Low  pitch  worm.  11  Worm  shaft  and  armature 
shaft  of  motor.  12  Controlling  motor,  one  to  five  horse  power. 
13  Tail  ropes  or  chains,  to  compensate  for  variable  effect  of  ropes  5. 

7  Motor  3,  shunt  wound,  speed  variation  not  over  10  per  cent  with 
varying  loads  acts  as  motor  to  hoist  and  as  generator  to  lower.  About 
50  horse  power  at  60  revolutions  per  minute. 

8  Motor  12,  compound  wound,  speed  variation  20  per  cent  with 
varying  loads,  acts  as  motor  all  the  time.  Uses  about  one  horse 
power  to  drive  worm  10  practically  free  at  1200  revolutions  per  min- 
ute. 

9  Worm  gear  9,  one-half  the  diameter  of  traction  sheave  4,  teeth 
cut  in  bronze  ring  bolted  to  flange  cast  on  sheave  4- 

10  W^orm  10,  double  thread  3  inches  lead,  G  inches  diameter  at 
pitch  line,  thrust  taken  on  friction  washers  7  inches  diameter,  casing 
for  worm  and  gear  keeping  worm  submerged  in  oil  as  usual;  1200 
revolutions  per  minute  of  worm  follows  the  car  at  600  feet  per  minute. 
This  worm  gear  will  hold  ten  times  the  maximum  net  load. 
The  angle  of  worm  and  the  ring  friction  thrust  washers  can  be  such 
that  the  gear  cannot  start  the  worm  in  motion  from  a  point  of  rest,  but 
can  continue  to  drive  the  worm,  either  slightly  accelerating  its  speed, 
or  be  more  or  less  retarded  in  speed  b}-  the  worm's  friction,  and  it 
transmits  only  about  1  horse  power  but  is  of  the  same  dimensions 
and  speed  generally  used  to  transmit  up  to  25  horse  power.  It 
will  show  no  material  wear  in  100  years,  and  always  run  cool.  This 
worm  in  tandem  gear,  or  single  worm  with  roller  thrust,  could  be 
driven  by  its  gear,  but  not  if  it  thrusts  against  friction  ring  washers 
7  inches  diameter.  Nor  will  this  introduced  friction  (the  seven  inch 
washers)  add  to  the  load  of  the  controlUng  motor,  which  only  follows 
the  main  motor,  always  pushing  in  the  direction  of  rotation,  but 
without  power  enough  to  materially  accelerate  the  speed  of  the  main 
motor.     Are  there  any  objections  to  this  worm  gear? 

11  Hoisting:  The  circuit  is  closed  simultaneously  on  both  motors 
to  hoist,  the  speed  of  motor  3  will  vary  about  10  per  cent  with  the 
varying  load,  motor  12  is  controlled  to  run  at  sHghtly  relatively  higher 
speed  than  the  highest  speed  of  motor5,  but  being  compound  wound  for 
20  per  cent  speed  variation  with  the  load,  it  can  be  retarded  10  per 
cent  or  15  per  cent  by  motor  3  without  excess  of  current.  About 
30  per  cent  of  current  taken  by  motor  12  relieves  motor  3  of  that 
amount  of  load. 
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12  Lowering:  Motor  12  acts  the  same  as  in  hoisting,  trying  to 
drive  motor  5  as  a  generator  slightly  faster  than  the  load  drives  it, 
returning  to  the  line  through  motor  3,  30  per  cent  of  the  current 
that  it  takes  from  the  line. 

13  Worm  gear  action:  In  whichever  direction  worm  10  starts  to 
drive  gear  P,  it  maintains  its  pressure  on  the  teeth  of  gear  9  in  that  same 
direction  from  start  to  stop.  But  when  motor  3  has  come  to  nearly  a 
stop,  motoric,  either  by  dynamic  action,  small  friction  brake  or  open 
circuit,  comes  to  a  full  stop,  and  worm  iO  positively  locks  gear  5,  sheave 
/f.  and  car  6  against  further  motion. 

14  Thus  in  the  normal  operation  of  hoisting  or  lowering,  motor 
12  can  do  nothing  else  but  drive  motor  3. 

15  But  in  the  event  of  accident  to  either  motor,  failure  of  cur- 
rent, etc.,  worm  10  will  either  hold  gear  9  stationary,  stop  it  or  keep 
it  from  exceeding  its  normal  speed. 

16  Result  of  short-circuiting  motor  12: 

a     Its  fuse  or  circuit  breaker  opens  to  the  line. 

6     Its  armature  continues  to  revolve  by  its  momentum. 

c  If  its  shunt  field  is  open,  it  starts  to  generate  current  through 
its  series  field,  but  reversing  the  direction  of  the  current, 
demagnetizing  and  building  up  a  new  field,  and  a  weak 
field  at  that,  as  it  is  only  about  one-fourth  compounded. 
If  its  shunt  field  is  not  opened,  then  the  shunt  and  series 
fields  oppose  each  other,  and  no  dynamic  action  can 
occur  to  stop  motor  12.  Where  does  the  danger  lie  in 
a  short  circuit? 

17  The  increased  efficienc)",  improved  motion,  simplified  and 
more  reliable  control  predicted  in  my  original  paper,  are  not  impor- 
tant to  this  elevator  at  present.  It  is  simply  a  question  of  this  one 
element  of  safety,  namely,  all  other  standard  passenger  elevators 
have  had  a  positive  resistance  to  the  action  of  gravity,  while  this 
elevator  has  no  positive  resistance  to  the  action  of  gravity.  And  by 
positive  resistance  I  mean  a  resistance  to  acceleration  by  gravity 
that  can  not  be  overcome  by  anything  short  of  the  actual  breakage 
of  parts;  and  the  usual  least  factor  of  safety  of  8  makes  breakage  of 
any  part  a  remote  possibility,  as  the  record  of  safety  in  the  past  is  the 
best  evidence. 

18  It  is  a  serious  matter  for  an}-  elevator  manufacturer  to  depart 
from  this  standard  of  safety,  inviting  people  to  ride  on  elevators  in 
which  the  disturbance  of  an  electric  circuit  leaves  nothing  but  the 
inertia  of  the  moving  mass  to  retard  the  acceleration,  and  automatic 
devices  which  have  no  positive  action  to  check  excess  of  speed.     No 
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(economy  of  operation  or  any  other  consideration  wiiatever  can  justify 
this  risk. 

19  The  means  that  I  have  described  provide  this  elevator  with  a 
positive  resistance  to  the  action  of  gravity,  at  no  material  loss  in  effi- 
ciency, with  no  change  wiiatever  in  the  functions  and  control  of  this 
elevator  as  it  is  now  made,  and  at  no  material  increase  in  cost,  weight 
or  size.     It  can  be  attached  to  existing  elevators  of  this  type. 

20  The  responsibiUty  for  the  safety  of  passenger  elevators  rests  as 
much  on  the  engineers  representing  the  owners  of  the  buildings  where 
they  are  installed,  as  it  does  upon  the  manufacturer.  Every  one  of 
these  engineers  will  read  this  paper.  I  ask  them  peisonally — You 
know  the  risk  and  the  remedy,  what  are  you  going  to  do  about  it? 
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procp:edings  of  the  new  york  meeting 

The  Fifty-sixth  nieetiuii-  was  the  first  uniuial  nieetiiii;-  of  the  Society 
held  in  the  Engineering  Societies  Building.  The  attendance  was 
without  a  parallel,  there  being  more  than  thirteen  hundred  members 
and  guests  present.  The  foyer  of  the  building  met  adequately  the 
requirements  for  registration  and  proved  a  convenient  meeting  place 
for  renewing  okl  acquaintances  and  making  new.  The  facilities  of 
the  coat  room  were  fulh"-  tested  and  were  found  equal  to  the  demands 
of  quick  and  efficient  service.  The  corridors  around  the  auditorium 
provided  opportunity  for  conversation  Ijetween  mem])ers  Avithout 
interrupting  the  professional  sessions. 

The  numerous  auditoriums,  adapted  for  audiences  of  different 
sizes,  provided  means  for  simultaneous  sessions.  A  meeting  on  gas 
power  was  held  simultaneously  with  a  symposium  on  foundry  prac- 
tice, at  both  of  which  stereopticons  were  used,  which  are  a  part  of  the 
regular  equipment.  As  an  outcome  of  the  interest  in  the  gas  power 
session  a  section  of  i^as  power  engineering  was  formed. 

TUESDAY    EVENING 

The  opening  session  was  held  on  Tuesday  evening  in  accordance 
with  the  established  custom,  at  which  was  given  the  address  of  the 
President  upon  "The  Mechanical  Engineer,  and  the  Fimction  of  the 
Engineering  Society." 

Probably  no  one  is  better  able  to  define  the  duties  of  the  mechanical 
engineer;  to  lay  down  the  broad  principles  of  the  usefulness  of  the 
profession  to  the  advance  of  civilization,  and  to  point  out  its  ideals,  than 
President  Hutton.  His  duties  as  a  teacher  of  young  engineers,  and 
as  Secretary  for  so  many  years  of  the  national  organization,  and 
finally  as  its  President,  have  brought  him  into  such  intimate  touch 
with  the  academic  and  practical  phases  of  the  profession  that  he  is 
eminently  qualified  to  speak  with  authority. 
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The  report  of  the  Tellers  of  election  was  read,  which  declared  the 
following  officers  elected: 

President 

M.    L.    HOLMAN 

\'  ice-Preftidents 
L.  P.  riRKcKF.NHiDni:  Fred  J.  Miller 

Airrnuit  West 

Managers 
Wm.   T..  Aiiijorr  Alex  C.  Ht'mphreys 

Treasurer 
Wm.  H.  Wiley 

After  the  address  by  the  retirins;  President,  the  new  President.  M.  L. 
Holman,  of  St.  Louis,  Mo.,  who  served  the  Society  as  Vice-President 
in  1894-1896,  and  1903-1905,  was  escorted  to  the  chair  by  the  much 
esteemed  Honorary  ^lembers  of  the  Society,  Prof.  John  E.  Sweet  and 
Mr.  John  Fritz. 

After  the  formal  inauguration  of  the  new  President,  the  meeting 
was  dismissed. 

The  informal  reception  that  followed  was  one  of  the  pleasant  social 
functions  of  the  meeting  and  was  greatly  enhanced  by  tlie  presence  of 
several  of  the  Honorar}-  ^lembers. 

THE    WEDNESDAY  MORNING    SESSION 

The  Wednesday  morning  session  was  devoted  to  the  sid^ject  of  gas 
power  and  to  the  reports  of  standing  and  special  committees,  and 
the  general  transaction  of  business.  The  reports  of  the  committees, 
Finance,  Land  and  Building,  Meetings,  PubHcation,  Member- 
ship, Standardization  and  Library  were  presented.  They  are  pub- 
lished in  this  volume  in  the  Annual  Report  of  the  Council  and  the 
Committees.  The  tellers  of  election  of  members  made  their  report 
at  this  time,  and  announced  the  election  of  3  73  members,  whose 
names  are  pubhshed  in  the  complete  record  of  the  business  trans- 
acted  at  this  meeting.      See  Appendix. 
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wednesday  jmokning  session 

"The  Rational  Utilization  of  Low  Grade  Fuels  in  Gas 

Producers" F.  p].  Jiinge 

Discussed  by, 

Prof.  C.  E.  Lucke,  Prof.  K.  H.  Fernald,  E.  J.  Kuiize,  Romyn  Hitclicock, 
Prof.  Wni.  Kent,  C.  G.  Atwater,  W.  B.  Chapman,  L.  R.  Pomeroy,  W. 
H.  Blauvelt,  R.  K.  Klein,  R.  E.  Mathot,  Dr.  J.  A.  Holmes,  H.  H. 
Siiplee,  J.  R.  Bibbins. 

"Duty  Test  on  Gas  Power  Plant" I.  R.  Bil)l)ins 

Discussed  by, 

W.  H.  Blauvelt,  Prof.  William  Kent,  Prof.  ('.  ]■:.  Liu-ke.  Tnif.  S.  A 
Reeve,  Prof.  L.  P.  Brcckenridge,  R.  E.  Mathot,  ('.  L.  Slraub,  Prof.  W.  i). 
Ennis,  W.  H.  Mor.so. 

"Control  of  Internal  Co.mhustio.v  i.\  G-\s  Fn- 

anvES Prof.  C.  F.  Lucke 

Discussed  by, 

L.  H.  Nilsh,  Prof.  \V.  II.  Kcncrson,  i:.  .).  Kun/.c  Iv  Hathbuii,  Dr.  ^^.  .V- 
Mos.^,  R.  E.  Mathot. 

"Evolution    of   the    F\tern.\l   Comiusiiox    Ivx- 

gine" Ptof.  S.  A.  Peeve 

Discussed  b}' 

H.  H  Suplee. 

w  !•:  d  n  e  s  d  a  y  a  ft  e  r  n  o  o  n 

Tlic  nieiubers  were  the  guests  of  Mr.  Charles  M.  Jacoljs,  chief  engi- 
neer of  the  Hudson  Companies,  on  an  inspection  trip  through  the  tunnel 
from  Hoboken  under  the  Hudson  River  to  Christopher  Street,  New 
York.  This  is  the  completed  tunnel  begun  over  a  generation  ago  by 
Haskin.  The'  Meetings  Committee  had  previously  prepared  an 
interesting  article,  published  in  pamphlet  form  with  illustrations, 
giving  a  history  of  the  tunnel. 

WEDNESDAY    EVENING 

A  lecture  on  "Color  Photography"  by  Mr.  F.  E.  Ives,  honorary 
member  and  past  president  of  the  New  "S'ork  Camera  Club,  enter- 
tained the  members  and  guests  on  Wednesday  evening.     Mr.  Ives 
was  assisted  by  Mr.  A.  R.  StiegUtz,  author  and  editor  of  photographic 
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works.     The  lecture  was  an  account  of  the  progress  of  the  art  to  date. 
It  was  ilhistratod  l)y  stereopticoii  views. 

A  booklet  on  color  ])hotograpiiy,  sjjecially  [)repared  by  Mr.  H.  F.  J. 
Porter,  member  of  th.e  Publication  Committee  of  the  Society,  was 
distributed  at  the  meeting.  It  gave  a  brief  history  of  the  develop- 
ment from  the  fii'st  experiments  made  by  Dr.  Seel)eck  of  Jena  in  1X10 
to  the  recent  i)rocesses  discovered  by  Messi's.  Herbert  and  F.  E.  Ives 
Mr.  PoA^rie  and  Miss  Warner  and  Mr.  MacDonough  in  America;  Joly 
of  Dublin,  and  Messrs.  Lumiere  of  Lyons,  France. 

turrsday  mokn'ixg  .session 

"The  Foundry  Department  and  the  Deparimext  of 
Engineering  Design " W.  A.  Bole 

Discussed  by, 

A.  B.  Carhart,  E.  X.  Trump.  A.  D.  WiUianis,  H.  M.  Lane,  J.  E.  Juluison,  Jr. 

"  Ab)LDiNG  Sand"' A.  E.  Outerl)ridge 

Discussed  b}', 

E.  H.  Mumford.  H.  M.  Lane. 

"  Power  Service  in  the  Foundry"' A.  D.  Williams 

Discussed  by, 

Frank  Richards,  E.  H.  Mumford,  M.  Ronceray.  J.  E.  Johnson,  Jr,   S.   D. 
Sleeth.  H.  M.  Lane. 

"A  Foundry  for  Bench  Work"..  .  .W.  J.  Keep  and  Emmet  Dwyer 

Discussed  by, 

E.  H.  Mumford. 

"A  Volumetric  Study  of  C.\st  Iron" H.  M.  Lane 

Discussed  by, 

E.  X.  Trump.  A.  E.  Uuterbridge.  J.  E.  Johnson.  Jr..  Prof.  R.  ('.  Heck. 

THURSDAY    AFT1:H\00N    SESSION" 

"Specifications   foj:    Iron,    and  Flel  and    MiriiioD  of 

Testing  Foundry  Output" 11.  Moldenke 
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"Foundry  Cupola  and  Iron  Mixtures" W.  J.  Keep 

Discussed  by, 

G.  R.  Brandon,  E.  H.  Foster,  Prof.  W.  W.  Bird. 

"Foundry  Blower  Pr.vctice" W.  B.  Snow 

J3isciissed  by, 

Prof.  A  L.  Williston,  Dr  Sanford  A.  Mo.s.s,  H.  DoB.  Par.sons  D.  C. 
John.son,  E.  N.  Trunij),  H.  M.  Lane,  T.  S.  Bailey,  J.  R.  Fortune  and  H. 
S.  Wells. 

"Patterns  for  Repetition  Work" E.  H.  Berry 

Discussed  by, 

Robert  Shirley,  E.  H.  Miunford,  H.  M.  Lane. 

"Some  Limitations  of  Molding  Machines" E.  H.  Muniford 

Discussed  l)y, 

M.  Ronceray,  Harris  Tabor. 

reception    THURSDAY    EVENING 

The  formal  reception  was  held  on  Thursday  evening  at  nine  o'clock 
in  the  Engineering  Societies  Building,  where  President  F.  R.  Hutton 
and  Mrs.  Hutton,  Pres.-Elect  M.  L.  Holman  and  Mrs.  Holman,  Secre- 
tary Calvin  W.  Rice  and  Mrs.  Rice  received  the  guests.  There  was 
dancing  on  the  fourth  floor  and  supper  was  served  during  the  evening. 

FRIDAY    MORNING    SESSION 

"The  Specific  Heat  of  Superhe.ated  Steam".  .Prof.  C.  C.  Thomas 

Discussed  by, 

Prof.  (\  ri.  Peabody,  .J.  A.  Moyer,  A.   ]{.   Dodge,  Dr.  S.  A.  Moss.' 

"Engine  Design  Ad.\pted  for  the  Use  of 

Sttperheated  Steam" Max  E.  R.  Toltz 

Discussed  by, 

H.  Emerson.  Prof.  F.  I{.  lluttdn,  11.  11.  Sui)lee,  Prof.  ('.  E.  Lueke,  R.  T. 
Ode,  J.  .\.  Seyiiioiir.   I.   K.  Moulliop.  Prof.  Win.   Rent. 

"Power  Tr.vxs.missio.x  by  FiacTiox  Dun  i.xu  ".  Prof.  W,  F.  M.  Goss 
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"CYLINDER  Port  Velocities'' J.  H.  Wallace 

"  Industrial  Education  " W.  B.  Russell 

Discussed  by, 

II.  L.  Gantt,  C.  W.  Cross,  Geo.  W.  Rink,  L.  D.  Burlingame,  Henry 
Gardner,  Prof.  Gaetano  Lanza,  Prof.  A.  L.  Williston,  H.  F.  J.  Porter, 
F.  A.  Waldrou,  W.  J.  Kaup,  O.  E.  Perrigo,  A.  L.  Rice. 

invitations 

The  members  of  the  Society  were  the  recipients  of  further  invita- 
tions to  visit  places  of  eniz;ineerin<;-  interest  in  the  vicinitv  of  New 
York. 

J.  H.  McGraAv,  Esq.,  president  of  the  McGraw  Publishing  Company, 
invited  the  members  to  visit  his  six-story  building  constructed  en- 
tirely of  reinforced  concrete,  and  of  unique  construction.  This  build- 
ing is  not  only  a  complete  office  building,  but  in  addition  contains  the 
Times  Square  sub-station  of  the  New  York  Post  Office,  and  also  the 
complete  printing  estabUshment  of  the  McGraw'Puljlishing Company. 

Mr.  F.  H.  Stillman,  Member  of  the  Society,  of  the  firm  of  The 
Watson-Stillman  Company,  exliibited  at  his  v.-orks  at  Aldene,  New- 
Jersey,  a  300  horse  power  gas  producer  and  engine.  Several  parties 
availed  themselves  of  the  invitation  to  visit  the  plant. 

Mr.  D.  L.  Hough,  Member  of  the  Society  and  president  of  The 
United  Engineering  and  Contracting  Company,  gave  personal  super- 
vision to  parties  visiting  the  Pennsylvania  Company's  cross-town 
tunnel  work. 

societies  officially  represented  at  the  annual  meeting 

La  Societe  des  Ingeniews  Civils  de  France  was  officially  repre- 
sented Vjy  M.   Delafond. 

The  National  Fire  Protection  Association  was  represented  by  their 
Editor,  Mr.  Henry  A.  Fiske. 

section  on  gas  powder  engineering 

At  the  conclusion  of  the  annual  meeting,  the  folloAving  members 
petitioned  the  Society  for  permission  under  the  Constitution  to  form 
a  section  on  gas  power  engineering. 
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Albert  A.  Caiy,  New  York.  R.  PL  Mathot,  Brussels,  Belgium. 

Jas.  V.  \.  Colwell,  New  York.  Edward  Robinson,  Burlington,  Vt. 

Geo.  D.  Conlee,  Ithaca,  N.  Y.  Geo.  I.  Rockwood,  Worcester,  Mass. 

R.  H.  Fernald,  Cleveland,  O.  C.  W.  Scribner,  New  York. 

Alex  R.  Goldie,  Ontario,  Can.  Arthur  K.  Spotton,     Gait,  Canada. 

John  A.  Laird,  St.  Louis,  Mo.  F.  H.  Stillman,  New  York. 

Fred  R.  Low,  New  York.  A.  F.  Stillman,  New  York. 

Charles  E.  Lucke,  New  York.  H.  H.  Suplee,  New  York. 
D.  T.  MacLeod,  Camden,  New  Jersey. 

Others,  guests  of  tne  Society,  signing  tlie  petition: 

J.  C  Barnaby,  New  York.  J.  W.  Lowell,  New  York. 

W.  B.  Chapman,  Hew  York.  G.  F.  F.  Osborne,  Toronto,  Canada. 

\\'.  R.  Huttinger,  Beverly,  N.  J.  Frank  C.  Tryon,  New  York. 

1\   E.  Junge.  Berlin,  Germany.  A.  J.  Verkouteren,  Flushing,  L.  L 

,1.  S.  Lane,  Brooklyn,  N.  Y.  C.  T.  Wilkin.son,   Schenectady.   N.   Y. 

L.  B.  Lent,  New  York. 

Mr.  H.  H.  Suplee  was  cho.sen  Secretary  of  the  infoi-nial  meeting  and 
presented  the  matter  to  the  CounciL  The  Council  cordially  received 
the  petition  and  inmiediately  appointed  a  Committee  on  Affiliated 
Societies,  consisting  of: 

!•".  I\.  llutton,  ('hdiniian, 
Alex  C.   Hun)phr('y.s  R.  H.  Fernald 

H.  H.  Suplee  F.  W.  Taylor 

to  confer  with  a  connnittee  of  the  memliers  and  arrange  the  details 
in  conformity  with  the  rules  of  the  Constitution  already  ])i'ei)ared 
for  the  formation  of  sections. 

The  President's  address,  dealing  with  the  Society's  broader  use- 
fulness involved  in  extending  its  interest  in  this  manner  was  also 
referred  to  this  committee  for  consideration  and  report. 

Relics  of  Engineering  Interest 
ericsson  models 

Objects  of  interest  displayed  in  the  Reception  and  Board  rooms  of 
the  Society  during  the  convention  were  the  Ericsson  models,  recently 
acquired  from  Mr.  G.  N.  Robinson,  executor  of  the  Ericsson  estate. 
These  have,  until  the  present  time,  been  on  view  at  the  Metropolitan 
Museum  of  Art,  but  are  now  to  be  permanently  exhibited  in  the 
Engineering  Societies  Building. 

GEAR    CUTTER 

A  gear  cutter  made  and  used  at  the  works  of  Russell,  Birdsall  and 
^^'ard,  Port  Chester,  Ncm'  York,  in  1848,  has  been  presented  to  the 
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Society  by  Mr.  A.  D.  Finley,  Associate  Member.  The  cutter  Avas 
formed  on  a  lathe  with  tlie  old  style  hand  tool  and  the  teeth  were  cut 
with  a  file.  The  millinii'  machine  on  which  it  was  used  was  also  made 
by  the  firm.  Jt  was  inventeil  by  Mi-.  W.  K.  Ward,  and  run  under  his 
supervision.  Most  of  the  work  on  the  machine  was  chi])ped  with  a 
ciiisel  and  fini'^hed  with  a  file,  as  they  did  not  have  any  planer  or 
shaper  for  this  class  of  work. 

Both  l)evel  and  miter  trears  were  cut  on  it,  witli  fairly  ^ood  results. 
The  worm  wheel  on  the  woi'k  spintUe  was  cut  l)y  revolvinjr  a  tap  in  a 
lathe  and  holdinii  the  disk  again.st  it. 

WATT  AND  FULTON  RELICS  IN  THE  POSSESSION  OF  THE  SOCIETY 

Through  the  kindness  of  Mr.  H.  H.  Suplee,  editor  of  Cassier's  Maga- 
zine and  Member  of  the  Society,  we  are  able  to  show  reproductions 
of  very  interesting  relics  which  have  recently  been  placed  in  the 
custody  of  the  Societ5^ 

Fig.  1  shows  a  copper  plate  impression  of  the  Certificate  of  Member- 
ship in  the  Insurance  Society  of  the  Soho  Manufactory  of  Boulton 
and  Watt  at  Birmingham.  This  certificate,  together  with  two  other 
impressions,  was  found  in  Heathfield  Hall,  in  the  room  in  which 
James  Watt  did  his  private  experimental  work.  It  was  found  by 
Mr.  George  Tangye  in  1903,  .sealed  with  the  seal  of  James  Watt.  Mr. 
Tangye  sent  the  certificate  to  Prof.  John  E.  Sweet,  who  now  transfers 
it  to  this  Society  as  being  a  logical  depository  for  such  reUcs. 

Fig.  2  shows  the  interior  of  James  Watt's  work  room  in  Heathfield 
Hall  in  which  the  package  was  found.  The  room  was  allowed  bj' 
Mr.  Tangye,  the  subsequent  owner,  to  remain  exactly  as  Watt  left  it. 

Attention  is  directed  to  portions  here  shown  of  the  car\dng  and 
dupUcating  machine  upon  which  Watt  was  engaged  at  the  time  of 
his  death,  in  1819. 

Fig.  3  shows  an  interesting  document  relating  to  the  work  of  Robert 
Fulton  which  Mr.  Suplee  himself  presented  to  the  Societ}". 

At  the  time  Napoleon  was  preparing  his  projected  invasion  of 
England,  from  1S02  to  1805,  Fulton,  then  a  resident  of  France,  offered 
to  him  a  plan  for  the  steamboat  as  a  means  of  convening  his  troops 
across  the  channel,  during  calm  weather,  when  the  British  sailing 
vessels  would  be  powerless.  For  some  time  the  original  record  of  this 
offer  of  Fulton's  could  not  be  found,  but  it  is  now  known  to  be  in  the 
arcliives  of  the  Conservatoire  des  Arts  et  Metiers  in  Paris,  and, 
through  the  efforts  of  a  frienil,  M.  Jacques  Boyer,  Mr.  Suplee  stated 
that  he  had  succeeded  in  obtaining  a  photograph  of  it.  This  photo- 
graph includes  a  four-page  letter  in  the  handwriting  of  Fulton,  describ- 
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ing  fully  his  plans  for  steam  navigation,  together  with  a  complete 
drawing  of  the  steamboat,  representing  the  machinery  practically  as 
it  was  subsequently  employed  on  the  Clermont.  This  letter  is  ad- 
dressed to  the  Commission  to  whom  Fulton  was  referred  by  Napoleon, 
consisting  of  MM.  Molard,  Bandell,  and  Montgolfier,  but  their  ad- 
verse report  prevented  the  plan  from  being  put  into  execution,  other- 
wise it  is  possible  that  the  fate  of  Europe  might  have  been  changed. 
It  is    interesting   to   note   that    Montgolfier,    the   inventor  of  the 


FIG.  2     WATT'S  WORK  ROOM  AT  HEATHFIELD  HALL 


balloon,  was  a  member  of  the  commission  that  rejected  Fulton's 
plan. 

These  documents  are  dated  4  Plu\dose,  year  XI,  in  the  French 
RepubUcan  Calendar,  corresponding  to  January  25,  1803,  thus  ante- 
dating by  about  three  and  a  half  j'ears  the  first  trip  of  the  Clermont 
on  the  Hudson. 

Following  is  a  translation  made  by  Mr.  Suplee  of  the  letter  of 
Fulton  to  the  French'Commission: 
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Letter  of  Fulton  to  the  French  Commission 
[Translation] 

Paris  4  Pluviose,  Year  XI  (25  January,  1803). 

Robert  Fulton  to  Citizens  Molar,  Bandell  and  Montgolfier. 

Friends  of  the  Arts — I  send  you  herewith  sketch  designs  of  a  machine  which 
I  am  about  to  construct  with  which  I  propose  soon  to  make  experiments  upon  the 
towing  of  boats  upon  rivers  by  the  aid  of  fire  engines.  My  original  object  in 
attempting  this  was  to  put  it  in  practice  upon  the  great  rivers  of  America  where 
there  are  no  roads  suitable  for  hauhng  nor  indeed  are  any  hardly  practicable,  and 
where,  in  consequence,  the  cost  of  navigation  by  the  aid  of  steam  would  be  put 
in  comparison  with  the  labour  of  men  and  not  with  that  of  horses  as  in  France. 

You  can  see  that  such  a  discovery,  if  successful,  would  be  infinitely  more 
important  in  America  than  in  France  where  there  exists  everywhere  roads  suitable 
for  hauling,  and  companies  established  for  the  transport  of  merchandise  at  such 
moderate  charges  that  I  doubt  very  much  if  a  steam  boat,  however  perfect  it 
might  be,  could  be  able  to  gain  anything  over  horses  for  merchandise.  But  for 
passengers  it  is  possible  to  gain  something  because  of  the  speed. 

In  these  plans  you  will  find  nothing  new,  since  this  is  not  the  case  with  paddle 
wheels,  an  appliance  which  has  often  been  tried  and  always  abandoned  because 
it  was  believed  that  it  had  a  disadvantageous  action  in  the  water.  But,  after 
the  experiments  which' I  have  made  already  I  am  convinced  that  the  fault  is  not 
in  the  wheel,  but  in  the  ignorance  concerning  its  proportions,  its  speed,  the  power 
required,  and  probably  in  the  mechanical  combination. 


FIG.  4    SKETCH  IN  FULTON'S  LETTER 

I  have  proved  by  very  accurate  experiment  that  paddle  wheels  are  much  to  be 
preferred  to  bands  of  paddles,  and  in  consequence,  although  the  wheels  are  not  a 
new  application,  yet  nevertheless  I  have  combined  them  in  such  a  manner  that  a 
large  portion  of  the  power  of  the  engine  acts  to  propel  the  boat  in  the  same  way  as 
if  they  rolled  upon  the  ground;  the  combination  is  infinitely  better  than  anything 
which  has  as  yet  been  done  up  to  the  present  time,  and  it  is  in  fact  a  new  discovery. 

For  the  transport  of  merchandise  I  propose  to  use  a  boat  with  an  engine 
arranged  to  draw  one  or  several  loaded  barges,  each  one  so  close  to  the  preceding 
one  that  the  water  cannot  flow  between  to  make  resistance.  I  have  already  done 
this  in  my  patent  for  small  channels,  and  this  is  indispensable  for  boats  moved 
by  fire  engines. 

Suppose  the  boat  A,  with  the  engine,  presents  to  the  water  a  face  of  20  feet,  but 
inclined  at  an  angle  of  50  degrees,  it  will  be  necessary  to  have  a  machine  of  420 
pounds  power  making  3  feet  per  second  to  move  one  league  per  hour  in  still  water. 
If  the  boats  B  and  C  have  their  faces  parallel  to  that  of  A  they  will  each  also 
require  a  force  of  420  pounds,  that  is  to  say  1200  pounds  for  the  three,  while  if 
they  are  connected  in  the  manner  in  which  I  have  indicated,  the  force  of  420 
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pounds  will  suffice  for  all,  and  this  great  economy  of  power  is  too  important  to  be 
neglected  in  such  an  undertaking. 

Citizens: 

When  my  experiments  are  ready  I  shall  have  the  pleasure  to  invite  you  to  see 
them,  and  if  they  are  successful  I  reserve  the  privilege  of  presenting  my  labours 
to  the  republic  or  of  taking  for  them  such  advantages  as  the  law  may  authorize. 
At  the  present  time  I  place  these  notes  in  your  hands  in  order  that  if  any  similar 
project  comes  before  you  before  my  experiments  are  completed,  they  shall  not 
have  the  preference  over  mine. 

With  respectful  salutations, 

Robert  Fulton 

Xo.  BO  Rue  Vaugirard 

The  relics  described  above  are  on  display  in  the  Society  rooms, 
and  members  are  cordially  invited  to  request  to  see  them  when  visiting 
the  headquarters. 


APPENDIX 

CONSOLIDATION     OF    THE    MECHANICAL   ENGINEERS   LIBRARY   ASSOCIA- 
TION AND  THE   AMERICAN  SOCIETY   OF  MECHANICAL  ENGINEERS 

The  consolidation  of  the  ^lechanical  Engineers  Lil:)rary  Associa- 
tion and  The  American  Society  of  Mechanical  Engineers  was  effected 
on  October  21,  1907,  the  reason  for  the  separate  existence  of  the  two 
corporations  having  disappeared  with  the  acceptance  by  The  Ameri- 
can Society  of  Mechanical  Engineers  of  the  bailding  of  the  United 
Engineering  Societies  at  29  West  39th  Street,  New  York,  and  the 
removal  there  of  the  Library  and  the  Society's  headquarters. 

For  the  purpose  of  maintaining  a  library  of  engineering,  the 
Mechanical  Engineers  Library  Association  was  incorporated  in  1890 
under  the  laws  of  the  State  of  New  York.  L'pon  its  corporation  the 
property  at  12  West  31st  Street  was  purchased  in  its  name  for  the 
sum  of  $60  000;  the  Library  Association  issuing  bonds  for  .s27  000,  all 
the  cash  paid  toward  the  purchase  price.  Subsequently  the  Society 
took  up  the  bonds. 

The  hbrary  was  always  owned  by  the  Society.  After  the  removal 
of  the  Society  headquarters  and  its  library  to  the  building  of  the 
Engineering  Societies,  the  Mechanical  Engineers  Library  Association 
apphed  to  the  Supreme  Court  for  leave  to  sell  the  property  at  12  West 
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31st  Street,  which  permission  was  granted  on  Marcli  20,  1907,  and 
the  property  sold  for  the  sum  of  $120  000.  Of  this  $33  000  was  used 
to  pay  the  mortgage,  and  the  balance,  less  costs  of  the  sale,  was  retained. 

After  selling  the  real  estate,  there  being  no  reason  for  the  separate 
existence  of  the  two  corporations,  it  was  desired  by  both  to  con- 
solidate. 

On  September  10,  1907,  the  Trustees  of  the  Association  and  the 
Council  of  the  Society  executed  an  agreement  for  the  consolidation 
in  accordance  with  Section  7  of  the  Membership  Corporation  Law  of 
the  State  of  New  York,  the  consolidated  corporation  to  be  known  by 
the  name  of  The  American  Society  of  Mechanical  Engineers. 

The  Petition  and  Agreement  for  ConsoUdation  were  submitted  to  a 
meeting  of  the  members  of  the  Society,  specially  called  for  that  pur- 
pose, on  October  8,  1907,  and  were  approved  by  a  vote  of  more  than 
three-fourths  of  the  members  present. 

The  Petition  and  Agreement  for  Consolidation  were  Ukewise  sub- 
mitted to  a  meeting  of  the  Fellows  of  the  Association,  specially 
called  for  that  purpose,  on  October  15,  1907,  and  were  approved  by  a 
vote  of  more  than  three-fourths  of  the  members  present. 

The  Petition  to  the  Court  stated  that  it  is  the  intention  of  the  two 
Societies  to  maintain  a  library  at  the  United  Engineering  Society 
Building  at  29  West  39th  Street,  New  York,  similar  to  that  hereto- 
fore maintained  at  12  West  31st  Street;  that  the  Ubrary  is  now,  and 
will  be,  maintained  as  a  free  public  library;  that  access  to  it  will  not 
be  limited  to  members  of  the  two  corporations,  but  in  a  pubhc- 
spirited  way  will  be  held  open  freely  to  the  public  and  to  all  desiring  to 
consult  the  books  contained  therein. 

The  Order  for  Consolidation  was  granted  on  Octol^er  21,  1907, 
b)^  Justice  Blanchard  of  the  Supreme  Court  of  the  State  of  New  York. 

The  petitions  were  pubUshed  in  full  in  the  Mid-November,  1907, 
Proceedings,  Vol.  29,  No.  5,  and  the  Charter  appears  annually  in  the 
Year  Book. 

IMPORTANT    CHANGE    IN    THE    DATE    OF    TRANSACTIONS 

Upon  the  recommendation  of  the  Publication  Committee  and  the 
approval  of  the  Council  the  Transactions  will  in  future  cover  the 
calendar  year  instead  of  the  fiscal  year. 

This  change  will  aid  the  memory  in  locating  papers  according  to  the 
year  in  which  a  pai)er  was  i)resented  and  also  secure  in  one  volume  all 
of  the  work  of  one  administration. 
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In  accordance  with  the  provision  of  C59  the  Society  is  hereby 
advised  of  the  following  addition  to  the  By-Laws  made  by  the  Council 
on  May  30,  regular  notice  of  such  two  additions  having  been  given 
at  the  meeting  of  the  Council  on  April  16. 

B  44  That  standards  for  the  conduct  of  the  business  affairs  of  the  Society  of 
its  professional  or  business  meetings,  and  of  its  committees  and  their  activities 
may  be  established,  amended,  and  annulled  by  a  two-thirds  vote  of  the  members 
of  the  Council  present  at  a  meeting,  provided  that  a  written  notice  of  the  proposed 
addition  or  change  may  have  been  given  at  a  previous  meeting  of  the  Council,  and 
provided  further  that  the  Secretary  shall  have  sent  to  each  member  of  the  Execu- 
tive Conmiittoe,  acting  as  a  Committee  on  Standards,  a  draft  of  the  proposed 
addition  or  change  at  least  two  weeks  jjrior  to  the  meeting  at  which  they  are  to 
be  voted  on. 

B  4,5  That  directions  for  the  conduct  of  the  business  affairs  of  the  Society  may 
be  established  by  the  Secretary  and  the  work  covered  shall  be  carried  out  as  pro- 
vided by  these  directions.  These  directions  may  be  added  to,  amended,  or 
aimulled  by  the  Secretary  but  it  shall  be  his  duty  to  send  to  each  member  of  the 
Executive  Committee,  acting  as  a  Committee  on  Standards,  a  draft  of  the  change 
before  it  is  put  into  effect. 


THE    AMERICAN  SOCIETY   OF    MECHANICAL    ENGINEERS    TO    COOPERATE 
WITH    THE    SOCIETY    FOR    THE   PROMOTION    OF    ENGINEERING 

EDUCATION 

The  President  of  the  Society  appointed  Dr.  Alex  C.  Humphreys  and 
Di'.  Frederick  W.  Taylor  as  members  of  a  Joint  Committee  to  cooper- 
ate with  the  Society  or  the  Promotion  of  Engineering  Education, 
together  with  representatives  of  other  National  Engineering  So- 
cieties, in  the  examination  of  all  branches  of  engineering  education, 
including  engineering  research,  graduate  professional  cour  es,  under- 
graduate engineering  instruction  and  the  proper  relations  of  engi- 
neering schools  to  the  secondary  industrial  schools  or  foremen's 
schools,  and  to  formulate  a  report  or  reports  upon  the  appropriate 
scope  of  engineering  education  and  the  degree  of  cooperation  and 
unity  that  may  be  advantageously  arranged  between  the  various 
engineering  schools. 

The  Council  of  the  Society  for  the  Promotion  of  Engineering  Edu- 
cation will  confer  with  the  membership  of  the  Joint  Committee,  and 
a  report  of  the  progress  of  the  work  of  the  Joint  Committee  will  be 
made  to  that  Society  within  a  year  and  a  final  report  within  two 
vears. 
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ELECTIONS   TO    MEMBERSHIP 


The  following  were  declared  elected  to  memljership  in  the  Society 
upon  the  ballot  of  June  30,  July  25,  and  November  2S,  1907: 


Ballot  June  30,  1907 


Anderson,  Robert,  Ivorydale,  Ohio. 
Banta,  Earle,  Culebra,  Canal  Zone. 
Bird,  Paul  P.,  Chicago,  III. 
Bixby,  A.  S.,  Indianapolis,  Ind. 
Blake,  E.  M.,  Tucson,  Arizona. 
Boyden,  George  A.,  Baltimore.  Md. 
Boyd,  William  C,  Pittsburg.  Pa. 
Bradley,  Carl  D.,  Elizabethport,  X.  J. 
Brewer,  Henry,  New  Haven,  Conn. 
Briggs,  William  C,  Elizabethport,  N.  J. 
Brooks,  Henry  K.,  New  York. 
Burgoon,  C.  E.,  New  York. 
Caldwell,  John  A.,  New  York. 
Carpenter,  James  M.,  Pawtucket,  R.  I. 
Chamberlain,  G.  E.,  Chicago,  111. 
Christianson,  A.,  Butler,  Pa. 
Conrath,  George  B.,  Erie,  Pa. 
Dodge,  Austin,  R.,  Schenectady,  N.  Y. 
Fannon,   William   A.,   Appleton,   Wis. 
Faull,   Richard,  Birmingham,   Ala. 
Ford,  Bruce,  Philadelphia,  Pa. 
Frederick,  Floyd  Willis,  Stroudsburg,  Pa. 
Garratt,  Ernest  A.,    London,  England. 
Gray,  William  Emery,  Williamsport,  Pa. 
Greul,  W.  Herman,  New  York. 
Hadfield,  R.  A.,  London,  England. 
Hamilton,  R.  B.,  St.  Catherines,  Canada. 
Heermann  F.  M.,  Boston,  Mass. 
Hendry,  W.  F.,  New  Yoik. 
Huyette,  Williarn  S.,  Chicago,  111. 
Johnston,  John  Parry,  Chicago,  111. 
Lacount,  H.  O.,  Boston,  Mass. 
Lake,  Simon,  Bridgeport,  Conn. 


Lane,  H.  C,  Sparrows  Point,  Md. 
Lincoln,  P.  M.,  Pittsburg,  Pa. 
McClure,  O.  D.,  Ishpeming,  Mich. 
Mackenzie,  W.  P.,  Harri.sburg,  Pa. 
MacLauchlan,  James  H.,  New  York. 
Marks,  Harry  J.,  New  York. 
Moyer,  J.  A.,  West  Lynn,  Mass. 
Neiler,  Samuel  G.,  Chicago,  111. 
Nesbit,  Edwin,  Cleveland,  Ohio. 
Noble,  Alfred,  New  York. 
Osteman,  C.  G.,  South  Boston,  Mass. 
Payne,  Sheldon  F.,  Naugatuck,  Conn. 
Pearson,  Walter  A.,  Niagara  Falls,  Ont. 
Perry,  Ernest  B.,  Bay  City,  Mich. 
Pillmore,   Frederick,   Syracuse,   N.   Y. 
Primrose,  John,  New  York. 
Pulsifer,  H.  M.,  Chicago,  111. 
Rink,  George  W.  Jersey  City,  N.  J. 
Spoerri,  H.,  Zurich,  Switzerland. 
Spurling,  O.  C,  Chicago,  III. 
Stone,  Charles  W.,  Schenectady,  N.  Y. 
Stucki,  A.,  Pittsburg,  Pa. 
Summey,  D.  L.,  Waterbury,  Conn. 
Taylor,  A.,  Pittsburg,  Pa. 
Thomson,  T.  Kennard,  New  York. 
Todd,  Robert  I.,  Indianapolis,  Ind. 
Traylor,  Bruce  W.,  New  York. 
Von  Phul,  William.,  New  Orleans,  La. 
Wadleigh,  George  R.,  Bemis,  Tenn. 
Wilder,  Clifton  W.,  New  York. 
Wilkinson,  John,  Syracuse,  N.  Y. 
Williams,  Llewellyn,  Boston,  Mass. 
Wright,  R.  v..  East  Orange,  N.  J. 


PROMOTED  TO  MEMBEK 


Comly,  G.  Norwood,  Synicu.sc,  N.  Y. 
Ennis,  William  D.,  Schenectady.  N.  Y. 
Haight,  H.  V.,  Sherbrooke,  Que. 
Kutter,  H.  L.,  Hamilton,  (Jliio. 


Patitz,  Gerhardt  J.,  Chicago,  111 
Stovel,  R.  W.,  New  York. 
Wood,  B.  F.,  Altoona,  Pa. 


OUl 
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Artaud,  Theodore  P.,  New  York. 
Bisliop,  Frank,  South  Bend,  Ind. 
Cox,  Claude  E.,  IndianapoHs,  Ind. 
Craig,  Robert,  MinneapoHs,  Minn. 
Davidson,  Archer,  Athmta,  Georgia. 
Deacon,  Ralph  Woolman,  Chrome.  N.  J. 
Dunklc,  H.  Edward,  Syracuse,  N.  '^'. 
Fitch,  Alfred  L.,  Chicago,  111. 
Lillibridge,  Ray  D.,  New  York. 
Miller,  F.  L.,  Philadelphia,  Pa. 


Muther.  Ellis  F.,  New  York. 
Myers,  David  Moffat,  New  York. 
Rose,  J.  II..  Bradford,  Pa. 
Schroeder,  F.  .\.,  Boston,  Mass. 
Shipley,  Grant  B,,  Milwaukee,  Wis 
Sirich,  ,1.  Henry,  Jr.,  New  York. 
Spoer,  C.  H.,  West  New  Brighton,  N.  Y. 
Teague,  Walter  Owen,  Lafayette,    Ind. 
Veal,  C.  B.,  Lafayette,  Ind. 


PROMOTED   TO    AS.SOCIATK 


Gibson,  George  II.,  New  York. 
Nicklin,  Ernest  W.,  Detroit,  Midi. 


Van  Zandt.,  Paul  ('.,  Chicago,  111. 


Anderson,  Howard  L.,  Pittsl>urg,  Pa. 
Garden,  William  H.,  Chicago,  111. 
Cushman,  Frank,  Jr.,  Kansas  City,  Mo. 
Davis,  George  H.,  Pawtucket,  R.  I. 
De  Haven,  Irvin  Clifton,  Indianapolis, 

Ind. 
Dorner,  Frederick  H.,  Milwaukee,  Wis. 
Faile,  Edward  Hall,  New  York. 
Frohwein.  Richard  AV.,  New  York. 
Fuller,  Floid  M.,  Boston,  Mass. 
Garrett,  J.  A.,  Los  Angeles,  Cal. 
Hackett,  George  E.,  Roselle,  N.  J. 
Hutchings,  C.  F.,  New  York. 
Hvid,  R.,  Minneapolis,  Minn. 
Jacobus,  Robert  F.,  New  York. 
Jenkins,  A.  Lewis,  Cincinnati,  Ohio. 


Matty,  Leo.  J.,  New  York. 
McKee,  N.  T.,  Collinwood,  Ohio. 
Merz,   Robert   George,   Newark,   N.   J. 
Mueller,  Otto  N.,  Indianapolis,  Ind. 
Muellei-,  Victor  H.,  Newark,  N.J. 
Polland,  Willard  Lacy,  Waukesha, 'Wis. 
Pryor,  R.  W.,  Jr.,  New  York. 
Reese,  Dale  F.,  Newark,  N.  J. 
Rigdon,  Carl,  Columbus,  Ohio. 
Scales,  H.  J.,  Massena,  N.  Y. 
Schwartz,  H.  A.,  Indianapolis,  Inrl. 
Spencer,  J.  Beaumont,  New  York. 
Taddiken,  J.  F.,  Jr.,  New  Orleans,  La. 
Thomas,  G.  C,  Bridgeport,  Conn. 
Zinniiermann,  John  E.,  Philadelphia, Pa. 


The  following  were  declared  elected  to  membership  in  the  Society 
upon  the  ballot  of  July  25,  1907. 


Ballot  July  25,  1907. 


MEMBEIt.S 


Atkins,  David  F.,  San  Francisco,  Cal. 

Ballard,  F.  W.,  Cleveland,  Ohio. 

Bayle,  E.  J.,  Denver,  Col. 

Bennett,  Joseph  A.,  Hartford,  Coim. 

Bixler,  H.  Z.,  Hamilton,  O. 

Blakeley,  G.  H.,  South  Bethlehem,  Pa. 


Brady,  J.  H.,  Kansas  City,  Mo. 
Buker,  Henry,  Providence,  R.  I. 
Burr  William  H.,  New  York, 
("larke,  F.  G.,  Long  Lsland  City,  N.  Y, 
Coffin,  H.  E.,  Detroit,  Mich. 
Daggett,  H.  C,  Boston,  Mass. 
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Darby,  Jnliii,  New  York. 
Douglas,   E.   U.,   Poughkfopsi",    X.    ^. 
Doying,  W.  A.  E.,  New  York. 
Ekstrand,  L.  M.,  Waukfgan,  111. 
Ferris,  Waller.  .Milwaukee,  Wis. 
Flannerj',  .loiiu  M.,  Sj-raeuse,  N.  Y. 
Goss,  Harry  T.,  New  "^'(jrk. 
Harper,  John,  Chicago,  111. 
Harris,  G.  A.,  New  York. 
Hearne,  Robert  J.,  New  York. 
Hill,  E.  Rowland,  New  York. 
Holnian,  R.  Claude,  Hamilton,  Ohio. 
Johnson,  F.  Amos,  South  Orange,  N.  J. 
Jones,  J.  E.-,  New  York. 
Klepinger,  J.  H.,  Great  Falls,  Mont. 
Knowles,  Morris,  Pittsburg,  Pa. 
Kunze,  E.  J.  Newark,  N.  J. 
Larson,  Charles  J.,  New  York. 
Loekwood,   B.   D.,   Indianapolis,   Ind. 
McKee,  Arthur  G.,  Cleveland,  Ohio. 
McKinney,  E.  B.,  New  Orleans,  La. 
McMahon,  F.  J.,  Wllkesbarre,  Pa. 
Metcalf,  F.  M.,  Battle  Creek,  Mich. 


Mills,   Charles,   Newton     Upper    Falls, 

.Mass. 
Norton,  Fred  E,  Youngstown,  O. 
lieed,  Warren  B.,  Nfw  Orleans,  La. 
Heid,  Robert  C.,  Englewood,  N.  J. 
Rouvel,  (Jeorge  W.,  La  Salle,  111. 
Roylc,  Vernon,  Paterson,  N.  J. 
Scott,  Henry  F.,   South   Framingham, 

Mass. 
Simpson,  Colin  C,  New  York. 
.Southworth,  Martin  O.,  Chicago,  111. 
Sutton,  Frank,  New  York. 
Sweet,  Charles  E.,  E.  Pittsburg,  Pa. 
Talcott,  R.  Barnard,  New  York. 
Wainright,   L.   M.,   Indianapolis,   Ind. 
Walker,  S.  G.,  Providence,  R.  I. 
Wall,  W.  G.,  Indianapolis,  Ind. 
Wei  chert,  A.  E.,  New    York. 
Wickersham,  N.  R.,  Painted  Post,  N.Y 
Wood,  Henry  Shotwell,  New  York. 
Woodward,  Harry  W.,  Cleveland,  Ohio. 
Woolson,  Harry  T.,  New  York. 


PROMOTED  TO  MEMBER 


Boyer,  Charles  W.,  Somerville,  Mass. 
Boyer,  E.  S.,  New  York. 
Catlin,  A.  D.,  Chattanooga,  Tenn. 
Herbert,  Frederick  D.,  Hewitt,  N.  J. 
Hitchcock,  Frederick  M..  New  York. 
HoUingsworth,  Samuel,  Plainfield,  N.  J. 
Ilsley,  John  Parker,  New  York 
Keely,  R.  R.,  Edmonton,  Canada. 
Macleod,  D.  T.,  Merchantsville,  N.  J. 


Miller,  J.  S.,  Milwaukee,  Wis. 

Rutherford,  Gordon  Scott,  Detroit, 
Mich. 

Schaeffler,  Joseph  C,  Boston,  Mass. 

Thompson,  Albert  William,  Manches- 
ter, N.  H. 

Wehner,  Louis,  Cincinnati,  O. 

Weinberg,  S.  G.,  St.  Petersburg,  Russia. 


ASSOCIATES 


Anderson,    Emanuel,    Mexico,     D 

Mexico. 
Anderson,  Harry  W.,  Atlanta,  Ga 
Bavier,  C.  S.,  New  York. 
Birdsey,  C.  R.,  Chicago,  111. 
Bruyere,  Paul  T.,  New  York. 
Buerger,  Charles  B.,  Philadelphia, 
Christie,  A.  G.,  New  York. 
Clarke,  C.  W.  E.,  New  York. 
Dart,  William  C,  Providence,  R.  I 
Fogg,  Oscar  H.,  New  York. 
Hagar,  Arthur  P.,  Jersey  City,  N 
Hanna,  H.  H.,  Jr.,  Inchanapolis,  Inci 
Hart,  Rogers  B.,  Scranton,  Pa. 


Pa. 


.  J. 


Hill,   Charles   Hubbard,    Schenectady, 

N.  Y. 
Hiller,  Joseph,  L.,  Philadelphia,  Pa. 
Larner,  Chester  W.,  Cleveland,  O. 
McMullen,  V.  E.,  Beloit,  Wis. 
Macbeth,  Colin,  Indianapolis,  Ind. 
Perkins,  G.  Hawthorne,  Lowell,  Mass. 
Place,  Clyde  R.,  New  York. 
Seawell,  Bert  W.,  Cincinnati,  Ohio. 
Sellew,   Ernest   Burchard,   Pawtucket, 

R.  I. 
Slade,  Foster,  Cornell,  New  York. 
Weston,  F.  W.,  New  York. 
Wilson,  J.  W.,  New  York. 


(uii; 
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Eberhardt,  p]lnier  G.,  Newark,  N.  J. 
Lockett,  Kenneth,  Chicago,  111. 


Schaefrr,  Edwaril  F.,  New  York. 
Wliitney,  Marshall  L.,  Tucson,  Arizona. 


Aylsworth,  J.  W.,  New  York. 
Bates,  .v.  H.,  Muskegon,  Mich. 
Core,  W.  Wallace,  Newark,  N.  J. 
(■ork,  R.  L.,  Fort  Wayne,  Ind. 
Cressler,  Kerr  Murray,  Fort  Wayne,Ind. 
Davis,  E.  H.,  Brooklyn,  N.  Y. 
Dillard,  James  B.,  Sandy  Hook  Prov- 
ing Ground,  N.  J. 
Dodwell,  J.  G.,  New  York. 
Flagg,  S.  B.,   .\lton.  111. 
Hale,  A.  A.  Chicago,  111. 
Hamerstadt.  W.  D.,  Indianapolis,  Ind. 
Howard,  Charles  .\..  New  York. 
Lee,  Robert  E.,  New  York. 


Mellowes,  .\lfred  W.,  New  York. 
Percy,  Earl  Newman,  New  York. 
Philbrick,  H.  S.,  Colombia,  Mo. 
Pitkin,  Arthur  F.,  Schenectady,  N.Y. 
Posey,  James,  Baltimore,  Md. 
Posselt,  Ejnar,  St.  Louis,  Mo. 
Steele,  Ben  W.,  Dothan,  Ala. 
Stevenson,  Louis  T.,  Pittsfield,  Mass. 
L'ihlein,  W.  B.,  Milwaukee,  Wis. 
Wheeler,  Earl,  Wa.shington,  D.  C. 
Woods,  Samuel  H.,  New  York. 
Wright,  C.  Shelor,  Calhoun,  Georgia. 
Yates,  R.  L.,  Dayton,  O. 


Ballot  November  28,  1907 


Basinger,  J.  G.,  New  York. 
Beckwith,  Arthur  K.,  Dowagiac,  Mich. 
Bentley,     Harry,     Whitehaven,     Eng. 
Bodwell,   Howard,   L.,   Monessen,   Pa. 
Boyd,  James  C,  New  York. 
Briggs,  Arthur  James,  Syracuse,  N.  Y. 
Britton,  John  A.,  San  Francisco,  Cal. 
Carpenter,  C.  \j.,  New  York. 
Coffin,  Frank  M.,  New  York. 
Coleman,  F.  A.,  Cleveland,  Ohio. 
Cranston,  Robert  E..  Sacramento,  Cal. 
Ellis,  Frank  I.,   Pittsburg,   Pa. 
Elvin,  A.  G,,  Franklin,  Pa. 
Evans,  William  Penn,  Portland,  Ore. 
Franz,  W.  G.,  Cincinnati,  Ohio. 
Garfield,  A.  S.,  Paris,  France. 
Goldingham.  Arthur  Hugh,  New  York. 
Henderson,  R.  H.,  Bloomfield,  N.  J. 
Herr,  H.  T.,  Denver,  Col, 
Hoerr,  .Aiex,  L.,  McKeesport,  Pa, 
Hoxie,  Frederick  Jerome,  Phenix,  R.  I. 
Ingham,  Howard  M,,  Englewood,  N.J. 
Inslee,  H.  C,  Newark,  N.  J. 
LeBlond,   John   A.,   Cincinnati,    Ohio. 


Lee,  F.  V.  T.,  San  Francisco,  Cal. 
Lee,  William  F.,  West  New  Brighton, 

N.  Y, 
Lee,  W,  S,,  Charlotte,  N.  C. 
McGiffert,  J.  R.,  Duluth,  Minn. 
Mallory,  Charles  K.,  Syracuse,  N.  Y. 
Mar.x,  C.  W.,  Indianapohs,  Ind. 
Merritt,  Joseph,  Hartford,  Conn. 
Miles,  Henry  D.,  Buffalo.  N.  Y. 
MillhoUand.  W.  K.,  Indianajiolis,  Ind. 
Moody,  William  Otis,  Chicago,  111, 
Naphtaly,  Sam  L,,  San  Francisco,  Cal, 
Rankin,  W,  A,,  Painesdale,  Mich. 
Reeder,  C.  L.,  Baltimore,  Md. 
Richardson,  Thomas,  South  Norwalk, 

Conn. 
Schoolfield,  Frank  R.,  Brooklyn,  N.  Y. 
Scott,  J.  W.,  Edgewater,  N.  J. 
Smith,  Julian  C,   New   York, 
Walmsley,  W.  N,,  Sao  Paulo,  Brazil, 
Warman,  W.  A.,  New  York. 
Wisner,  G,  M..  Chicago,  III. 
Woodward,  Sherman  M.,  Washington, 

D,  C, 
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liacon,  C  J.,  Chicafijo,  111. 
Berry,  Edgar  H.,  New  York. 
Caracristi,  V.  Z.,  Richmond,  Va. 
Gamper,  Herman,  Columbus,  Ohio. 
Harrington,  Harry  G.,  Newark,  N.  J. 
Hayward,  Henry  S.,  Jr.,  Franklin,  Pa. 
Hill,    Ebenezer,    Jr.,    South    Norwalk, 
Conn. 


Pond,  H.  ().,  Now  'S'l.rk. 
lleedcr,  N.  S.,  Jr.,  Montreal,  Canada. 
Waddell,  Charles  E.,  Biltmore,  N.  C. 
Webster,  William  Reuben,  Bridgeport, 

Conn. 
Williams,  George  W.,  Chicago,  111. 


ASSOCIATES 


Barker,  F.  P.,  Buffalo,  N.  Y. 
Bogardus,  Henry  Ashley,  Chicago,  111. 
Castanedo,   Walter,  New  Orleans   La. 
Chamberlin,  William  Fosdick,  Dayton, 

Ohio. 
Collins,  Edward  C.,  Taunton,  Mass. 
D'Ornellas,  T.  V.,  Lima,  Peru. 
Dunn,  K.  G.,  San  Francisco,  Cal. 
Fuchs,  Hugo,  New  York. 
Humphrey,  Clifford  W.,  Chicago,  111. 
Klock,  Frank  B.,  Syracuse,  N.  Y. 
Leland,     George     Benton,     Stamford, 

Comi. 


Lummis,  Charles  W.,  Camden,  N.  J. 
Niles,  F.  H.,  Chicago,  111. 
Scherr,  Frederick,  Jr.,  New  York. 
Simpson,  G.  T.,  St.  Paul,  Minn. 
Smith,  S.  H.,  Victoria,  Australia. 
Stoughton,  Edwin  R.,  New  York. 
Streeter,    Robert    L.,    Buffalo,    N.    "5 
Tate,  J.  M.,  Jr.,  Pitt.sburg,  Pa. 
Turner,  Charles  P.,  New  York. 
Wilbur,  Ralston  T.,  St.   Louis,  Mo. 
Willurd,  L.  L.,  Brooklyn,  N.  Y. 


Abrahams,   M.   L.,   Philadelphia,   Pa. 
Adler,  Alphonse  A.,  Brooklyn,  N.   Y. 
Bench,  Alfred  R.,  Urbana,  111. 
Braun,  C.  F.,  San  Francisco,  Cal. 
Brinton,  Wihard  C.,  E.  Pittsburg,  Pa. 
Buck,  Irwin,  New  York. 
Clarke,   Philip  Lancaster,  Schenectady, 

N.  Y. 
Goes,  H.  V.  O.,  New  Y'ork. 
Cole,  George  W^illiam,  New  York. 
Cranston,  Raymond  Earl,  Providence, 

R.I. 
Dodds,  WiUiam  B.,  Cincinnati,  Ohio. 
Dwyer,  Emmet,  Detroit,  Mich. 
Eberhardt,  Frank  E.,  Newark,  N.  J. 
Fieux,  Ernest  D.,  New  York. 
Fritz.,  A.  L.  G.,  Boston,  Mass. 
Gillan,  Howard  A.,  Hagen,  Germany. 
Heizniann,  Lewis  J.,  Reading,  Pa. 
Hollmann,  F.  W.,  Sparrows  Point,  Md. 
Johnston,   J.   M.    A.,    Richmond,    Va. 
Kennedy,    H.    H.,    Indianapolis,    Ind. 
Luehrs,   Daniel  M.,  Toledo,   Ohio. 
Magin,  Frank  W.,  ^Milwaukee,  Wis. 


Martin,    Edward    J.,    Bantam,    Conn. 
Marx,  August,  Cincinnati,  Ohio. 
Mott,  Abram  Cox,  Jr.,  Philadelphia,  Pa. 
Newcomb,  Robert  E.,  Holyoke,  Mass. 
Newell,  Williams,  New  York. 
Nickerson,  Ralph  R.,  Indian  Orchard, 

Mass. 
Norris,  James  U.,  New  York. 
O'KeefTe,   James   Garwood,   Newark, 

N.  J. 
Rupf,  Ernest  L.,  Port  Chester,  N.  Y. 
Sar  Vant,  Wilbur  N.,  New  York. 
Slocum,  Chester  Arthur,  Long  Branch, 

N.  J. 
Snyder,  Leo  H.,  Jersey  City,  N.  J. 
Stillman,  Austin  Frank,  New  York. 
Stone,  Mason  A.,  Jr.,  Yonkers,  N.  Y. 
String,  Joseph  S.,  East  Orange,  N.  J. 
Valentine,  Louis  R.,  Maurer,  N.  J. 
Watson,  H.  L.,  Milwaukee,  Wis. 
Weissblatt,  M.  E.,  New  York. 
Wilder,  Sylvanus  W^ells,  Paterson,  N.  J. 
Wilson,  William  Lawrence,  Chicago,  111. 
Winterrowd,  W.  H.,  Elkhart,  Ind. 
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ANNUAL  REPORTS  OF  THE  COUNCIL  AND  THE 
COMMITTEES,  1907 

REPORT    OF   THE    COUNCIL 

The  Council  begs  to  call  the  attention  of  the  Society  to  the  detailed 
reports  of  the  several  standing  committees  as  best  giving  the  work 
and  progress  of  the  Society  during  the  past  year.  In  these  reports  is 
recorded  the  removal  of  the  headquarters  to  the  new  building  of  the 
Engineering  Societies,  and  the  removal  of  the  library  without  loss  or 
damage  to  a  single  volume.  The  property  at  12  We.st  31st  Street  has 
been  sold  at  an  increase  of  nearly  $60  000  over  the  purchase  price. 

In  the  report  of  the  Land  and  Building  Fund  Committee  are  shown 
the  details  of  the  payments  on  the  present  property. 

The  money  received  for  the  sale  of  the  property  at  12  West  31st 
Street  has  been  largely  used  in  the  reduction  of  the  mortgage  on  the 
property  at  29  West  39th  Street. 

An  account  of  the  dedicatory  exercises  has  already  appeared  in  the 
Proceedings,  but  will  again  be  published  by  the  Dedication  Com- 
mittee in  a  separate  volume,  uniform  with  the  Transactions. 

The  monthly  meetings  of  the  year  have  been:  January,  Mr.  Fred- 
erick P.  Fish  on  "The  Ethics  of  Trade  Secrets;"  February,  Prof. 
Charles  M.  Allen,  "Gasolene;"  Mr.  C.  E.  Sargent,  "The  Testing  of 
Inflammable  Gases;"  March,  Mr.  J.  W.  Lieb,  Jr.,  "Vesuvius  and  the 
Mechanic  Arts  of  Pompeii;"  April,  Brigadier  General  WilUam  Cro- 
zier,  "The  Ordnance  Department  as  an  Engineering  Organization;" 
October,  Prof,  J.  P.  Jackson,  "College  and  Apprentice  Training;" 
November,  Mr.  Charles  R.  Pratt,  "A  High  Speed  Elevator." 

The  Spring  Meeting  of  the  Society  in  IndianapoUs  was  very  suc- 
cessful and  well  attended  and  treated  of  symposiums  on  superheated 
steam,  automobiles,  and  various  separate  discussions  on  steel  tubes, 
pumping  engines,  etc. 

During  the  year  the  Council  and  Society  have  elected  to  Honorary 
Membership,  Mr.  Andrew  Carnegie,  donor  of  the  new  building. 
Honorary  Vice-Presidents  appointed  to  represent  the  Society  daring 
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the  year  have  been  as  follows:  convention  of  the  National  Fire 
Protection  Association,  Mr.  John  R.  Freeman  and  Prof.  Ira  H.  Wool- 
son;  centennial  celebration  of  the  founding  of  the  University  of 
Tennesee,  Mr.  Newell  Sanders,  Prof.  Chas.  S.  Brown  and  Mr.  F.  R. 
Jones;  at  the  unveiUng  of  bronze  tablets  in  the  Hall  of  Fame,  New 
York  University,  Mr.  Jarvis  B.  Edson,  Mr.  George  R.  Henderson, 
Mr.  Benjamin  F.  Isherwood,  Honorary  Member  of  the  Society,  and 
Mr.  Henry  Harrison  Suplee;  at  the  fiftieth  anniversary  of  the 
Michigan  Agricultural  College,  Prof.  M.  E.  Cooley,  Alex.  Dow,  and  Mr. 
F.  E.  liirby;  for  the  Hudson-Fulton  celebration,  the  President  of 
the  Society  in  office,  and  Admiral  George  W.  Melville. 

A  new  Junior  badge  has  been  approved  by  the  Council,  of  the  same 
design  and  form  as  the  Member's  badge  but  enameled  in  crimson 
instead  of  blue.  The  reason  for  the  change  was  that  the  old  form  of 
Junior  badge  was  unlike  the  recognized  emblem  of  the  Society  and 
therefore  was  not  satisfactory.  The  new  badge  successfully  meets  this 
criticism. 

Mi-s.  George  H.  Corliss  and  Miss  Corliss  presented  to  the  Society  the 
portrait  of  Mr.  George  H.  Corliss,  on  the  evening  of  dedication  week, 
before  a  distinguished  audience  which  had  gathered  to  listen  to  the 
address  of  Brigadier  General  William  Crozier.  On  Founders  Day,  a 
gold  medal  was  presented  to  Dr.  Frederick  Remsen  Hutton,  in  token 
of  appreciation  of  his  twenty-four  years  of  service  to  the  Society  as  its 
Secretary. 

The  Secretary  reports  for  record  the  following  deaths  during  the 
year:  Sir  Benjamin  Baker,  Charles  Haynes  Hasweli,  Honorary  Mem- 
bers; Charles  Harding  Loring,  Coleman  Sellers,  Past  Pre.sidents; 
Peter  H.  Been,  Storm  Bull,  James  Blake  Cahoon,  William  H.  Derby- 
shire, George  Henry  Evans,  Edward  Francis  Gavagan,  Abel  G.  Gold- 
thwait,  Eugene  Griffin,  Albert  F.  Hall.  Charles  J.  Hillard,  Edward 
W^arren  Johnson,  William  Samuel  Love,  Herbert  Clifton  Moj'er, 
George  Rowland,  Thomas  Fitch  Rowland,  ^^'i^iam  L.  Simpson, 
Charles  K.  Stearns,  Norman  C.  Stiles,  Herman  Unzicker,  W.  H. 
Wiggin,  Thomas  Hilton  Williams. 

Resignations  during  the  year  have  been,  R.  P.  Thatcher,  Geo.  H. 
Lilley,  W.  C.  Temple,  CUfford  R.  Harris,  James  M.  Merton,  Edw.  F. 
Tolman,  L.  B.  Melville,  B.  H.  Dillon,  James  Atkins,  Cris  C.  Wais, 
Taylor  Cleaves,  W.  P.  Heineken,  A.  E.  Childs,  S.  H.  Harrison,  A.  C. 
Christensen,  E.  F.  W.  Gaskin,  W.  S.  McKinney,  C.  H.  Hurd,  Theo. 
F.  Scheffler,  R.  Deane  Brooks,  J.  B.  Pitchford,  B.  J.  F.  Bain,  H.  C. 
Moran,  C.  R.  Diebold,  Wm.  Goodman,  F.  S.  Greene,  John  Clark 
Finney. 
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Report  of  the  Standing  Committees  of  the  Council 

THE    finance    committee 

The  financial  dealings  of  the  Society  have  been  larger  than  ever 
before  in  its  history.  We  have  conducted  the  sale  of  the  property  at 
12  West  31st  Street,  receiving  therefor  $86  000  net,  the  investment 
of  the  Society  in  this  property  above  the  mortgage  at  tl*  time  of 
purchase,  1890,  having  been  $27  000.  This  money  has  not  yet  been 
received  into  the  possession  of  the  Society  as  for  legal  reasons  it  has 
always  stood  in  the  name  of  the  Mechanical  Engineers  Library 
Association  and  only  recently  has  an  order  of  the  Court  granted  per- 
mission for  the  merger  of  the  two  associations  and  the  transfer  of 
this  money  to  the  Society  which  originally  advanced  it.  The  increase  of 
activities  of  the  Society  has  necessarily  been  accomplished  by  increased 
expense,  but  the  benefits  of  the  membership  are  commensurate. 

The  Standardization  Committee  has  provided  the  Society  with  a 
complete  new  set  of  forms  for  the  books,  thus  rendering  regularly 
to  the  Chairman  and  to  the  Treasurer,  weekly  statements  of  the 
financial  condition  of  the  Society.  These  statements  are  also  open 
at  all  times  to  the  membership,  and  scrutiny  of  these  books  and 
records  is  encouraged. 

During  the  period  of  assuming  the  obUgations  of  the  building  of 
the  Engineering  Societies,  the  trust  funds  of  the  Society  were  rein- 
vested in  the  mortgage  for  the  land.  With  the  receipt  of  the  sub- 
scriptions to  the  Land  and  Building  Fund,  this  money  has  been 
put  back  again  into  the  several  funds.  Life  Membership,  Library 
Development,  Weeks'  Legacy  etc.,  with  interest  at  4  per  cent,  the 
amount  of  the  interest  on  the  mortgage;  consequently  the  financial 
condition  of  the  Society  is  now  stronger  than  ever,  notwithstanding 
the  increased  activities. 

The  Society  is  discounting  all  bills  when  allowable  and  thus  the 
financial  management  is  most  economically  administered.  In  order 
to  continue  to  do  this,  however,  the  membership  should  be  prompt  in 
the  payment  of  dues  and  should  take  Idndly  to  all  of  the  letters  from 
the  "Secretary,  urging  such  payment. 

During  the  year  it  is  contemplated  that  advertising  will  be  taken 
in  the  Proceedings,  not  to  meet  any  present  expenses,  but  to  provide 
for  the  forward  work  of  the  Society  and  to  enable  it  still  further  to 
develop  the  departments  and  scope  of  the  Proceedings. 
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We  submit  report  of  audit  of  the  financial  condition  of  the  Society 
l»y  the  Anch't  Company  of  New  York. 

Enw.  F.  ScHNucK, 

J.  Waldo  Smith,  Finance 

E.  D.  Meier,  Chairman       \-      Committee 

Anson  W.  Burchard 

Arthur  M.  Waitt 

The  Audit  Company  of  New  York 
43  Cedar  Street,  New  York 

November  /4,  1907 
Colonel  E.  D.  Meikr,  Chairman  Finance  Committee,  The  American  Society 

OF  Mechanical  Engineers,  29  West  39th  Street,  New  York. 
Dear  Sir: 

Agreeably  to  your  request,  we  have  audited  the  books  and  accounts  of  The 
American  Society  of  Mechanical  Engineers  for  the  year  ended  September  30,  1907. 

The  results  of  this  audit  are  presented,  attached  hereto,  in  three  Exhibits,  as 
follows : 

Exhibit  A     Balance  sheet,  September  30,  1907; 

Exhibi    B     Income  and  Expense  Account  for  the  year  ended  September 

30,  1907; 
Exhibit  C     Cash  Working  Fund.     Statement  of  Cash  Receipts  and  Dis- 
bursements, October  1,  1906,  to  September  30,  1907,  inclusive. 
These  Exhibits  are  presented  in  the  form  as  desired  by  your  Committee  for 
publication  in  the  annual  Transactions  of  the  Society. 

We  certify  that  the  balance  sheet  and  related  income  and  expense  account, 
presented  herewith,  are  true  exhibits  of  the  accounts,  and  correctly  set  forth 
the  financial  position  of  The  American  Society  of  Mechanical  Engineers  on 
September  30,  1907,  and  its  operations  for  the  period  stated. 

Very  truly  yours, 

The  Audit  Company  of  New  York 

(Signed)         E.  T.  Ferine  President 
(Signed)         F.  C.  Richardson  Secretary 

EXHIBIT  A 

Balance  Sheet,  September  30,  1907 
assets 

Furniture  and  fixtures,  book  value $1  867.82 

Library,  book  value 13  282 .  07 

Finished  publications,  plates,  badges,  etc.,  at  cash. . .  11  556.60 

Initiation  fees  and  dues  receivable 4  345 .  00 

Dueforpublications,  badges,  room  rents,  etc 9  692.89 

Due  from  land  fund  subscriptions,  new  building 4  578 .  00 

Deferred  payments  and  charges 1  003 .  57 

Cash,  trust  funds 23  154 .  49 

Cash,  available  for  current  expenses 7  137 .  95 

Total  assets $76  618.45 
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LIABILITIES 

Current  accounts  payable $2  899 .97 

Initiation  fees  and  dues  paid  in  advance 307 .  50 

Unexpended  subscriptions  to  land  fund,  new  building  2  623 .  24 
Trust  fund  reserves: 

Library $6  700.04 

Weeks'  legacy 62 .  59 

Initiation  fees 10  470.09 

Life  membership 342.57       17  575.29 

Total  liabilities $23  406.00 

Surplus,  September  30,  1907 53  212 .  45       $76  618 .  45 


EXHIBIT  B 

Income  and  Expense  Account  for  the  Year  Ended  September  30, 1907 

INCOME 

Membership  dues $48  264 .  25 

Membership  initiation  fees 1  050.62 

Sales  of  publications,  badges,  etc 24  300.29 

Rentals 515.41 

Miscellaneous 2  331 .  36 

Totalincome $76  461.93 


EXPENSE  PAYMENTS  AND  CHARGES: 

Transactions,  Volume  28,  including  estimated  cost 

to  complete $8  400 .  20 

Office  including  salaries 19  059 .  65 

Meetings,  Annual,  Spring  and  Monthly 2  585 .  67 

Proceedings 11  487 .  98 

Membership  development 2  415 .  31 

Membership  lists  and  year  book 2  232 .  35 

Library 1  499.30 

Rent  and  building  operations 11  063 .  51 

Stores  and  sales  department 12  849 .81 

Miscellaneous 1  408 .  38 

Total  expense  payments  and  charges $73  002 .  16 

September  30,  1907,  excess  income  for  the  fiscal  year  carried  to 

surplus  account 3  459 .  77 

$76  461.93 
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EXHIBIT  C 

Cash  Working  Fund — Statement  of  Cash  Receipts  and  Disbuksements, 
October   1,   1906  to  September  30,   1907,   Inclusive 


Membership  initiation  fees  and  dues,  rentals,  sales 

of  publications,  badges,  etc $61  287.29 

Membership  initiation  fees  and  dues  paid  in  advance  307 .  50 

Transportation,  spring  meeting 210.40 

Sales  of  furniture  and  fixtures 342 .  68 

Trust  funds 10  303 .69 

Land  fund  subscriptions 64  241 .  57 


Total  receipts $136  693 .  13 

October  1, 1906,  cash  balance 3  711 .  60 


$140  404.73 


disbursements 

Operations  fiscal  year  1905-1906 $6  445 .07 

Operations  fiscal  year  1906-1907 62  273 .  96 

Reduction  of  land  mortgage — new  building 27  000 .  00 

Interest  on  land  mortgage — new  building 7  818 .  00 

Capital  expenditures 9  507 .  75 


Total  disbursements $113  044.78 

Increase  in  savings  bank  deposits 20  222 .00 


$133  266.78 

September  30, 1907,  cash  on  hand  and  on  deposit ...  7  137 .  95 


$140  404.73 


THE    MEETINGS    COMMITTEE 

We  beg  herewith  to  submit  a  report  of  the  Meetings  Committee  to 
you  for  the  past  year,  and  in  so  doing  would  call  attention  to  the  fact 
that  in  former  years  the  Societ}'  held  only  two  meetings,  the  Annual 
and  Spring  meetings,  vnth.  about  four  monthly  reunions  of  a  popular 
character  at  the  official  headquarters  for  the  younger  members  of  the 
Society.  During  the  past  year,  however,  professional  meetings  of  the 
Society  have  been  held  regularly  on  the  second  Tuesday  of  each  month 
from  October  to  May,  inclusive,  excepting  those  months  during  which 
the  Annual  and  Spring  Meetings  occurred.  On  several  occasions 
eminent  men  from  outside  the  Society  were  present  and  delivered  very 
interesting  addresses,  such  as  those  of  Mr.  Frederick  P.  Fish,  Presi- 
dent of  the  American  Telephone  and  Telegraph  Company  on  "The 
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Ethics  of  Trade  Secrets,"  and  the  address  of  Brigadier  General  WilHam 
Crozier,  Chief  of  Ordnance,  U.  S.  A.,  on  the"Ordnance  Department  as  an 
Engineering  Organization."    Your  body  has  now  placed  these  monthly 

•professional  meetings  on  the  same  basis  as  the  Annual  and  Spring 
meetings,  so  that  the  papers  presented  thereat  will  be  given  equal 
consideration  for  publication  in  the  Ti-ansactions,  and  in  this  respect 
the  Society  is  now  in  uniform  practice  with  the  other  national  engi- 
neering associations.  This  gives  the  needed  opportunity  for  presenta- 
tion of  all  papers  and  on  a  greater  variety  of  subjects  than  was  possible 
with  but  two  meetings;  and  we  will  also  be  able  to  have  the  papers 
more  adequately  discussed  than  heretofore.  While  the  expenses 
of  this  Committee  have  been  increased  accordingly,  it  is  felt  that  the 
Society  and  its  members  secure  a  generous  return  for  the  additional 
outlay. 

The  regular  issue  of  the  Proceedings  is  another  activity  in  this 
line  and  is  promoting  a  greater  interest  in  the  Society  and  making 

'the  membership  at  large  feel  closer  to  the  work. 

Upon  the  suggestion  of  this  Committee,  cards  have  been  mailed  to 
each  member  inquiring  his  preference  as  to  sul:)jects  to  be  treated  in 
the  Proceedings  and  the  meetings.  This  will  enable  the  Committee 
to  further  meet  the  desires  of  the  membership,  and  also  enable  it  to 
select  authorities  or  those  who  have  given  particular  study  to  any 
questions  which  it  may  be  desirable  to  have  investigated  or  to  ask 
for  particular  discussion  on  specific  subjects.  Still  greater  interest  and 
value  in  the  Proceedings  is  planned  for  the  coming  year,  the  aim  being 
to  make  these  publications  a  running  record  of  mechanical  engineer- 
ing progress  and  of  such  usefulness  that  no  engineer  can  afford  to  be 
without  them. 

Geo.  R.  Henderson    Chairman^ 

A.   E.   FoRSTALL  j     Meetings 

Charles  Whiting  Baker  \-  Committee 

Willis  F.  Hall 

L.  R.  PoMERoy 


COMMITTEE    ON    LAND    AND    BUILDING    FUND 

The  Committee  hereby  reports  that,  up  to  date,  subscriptions 
have  been  received  amounting  to  a  total  of  about  $71  000. 

In  order  to  complete  the  work  we  have  undertaken  we  have  yet  to 
raise  about  $74  000. 
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Of  the  subscriptions  so  far  received  about  $15  500  has  come  from 
membei-s  subscribing  as  such;  the  balance  of  $55  500  from  manufac- 
turing concerns  interested  in  mechanical  engineering. 

Members  to  the  number  of  218,  or  about  7  per  cent  of  the  total 
membership,  have  subscribed  an  average  of  about  $71  each. 

The  total  cost  to  the  Society,  of  raising  this  $71  000  so  far  subscribed 
has  been  about  0.4  of  one  per  cent. 

In  view  of  the  present  situation  your  Committee  is  of  the  opinion 
that  very  little  money  can  at  this  time  be  obtained  from  manufactur- 
ing concerns,  but  we  are  considering  what  may  be  done  among  the 
membership  and  the  best  methods  of  doing  that  which  may  seem 
possible  to  be  done. 

Among  other  things  we  purpose  to  publish,  in  an  early  issue  of  the 
Proceedings,  a  fully  detailed  account  of  what  has  been  done,  giving  the 
names  of  subscribers  and  the  amount  subscribed  by  each. 

Herewith,  we  give  in  tabular  form,  a  general  statement  of  what  has 
been  and  what  is  yet  to  be  accomplished. 

Fred  J.  Miller   ] 

James  M.  Dodge  j>  Committee 

R.  C.  McKlNNEY  J 


THE    PUBLICATION    COMMITTEE 

Your  committee  has  received  this  year  a  larger  number  of  papers 
than  were  received  in  any  previous  year  of  the  Society's  existence. 
Several  of  these  papers  are  of  special  importance;  the  one  by 
our  Past  President,  Dr.  F.  W.  Taylor,  especially  having  attracted 
much  attention  from  engineers  all  over  the  world.  It  has  been 
extensively  reprinted  in  engineering  journals  and  has  been  translated 
into  French,  German  and  Russian. 

About  twice  as  much  material  has  been  published  in  our  Proceed- 
ings and  offered  to  the  PubUcation  Committee  for  the  Transactions 
as  was  ever  before  considered.  To  meet  this  situation  adequately 
and  also  to  satisfy  a  long  felt  desire  to  have  the  work  of  the  Society 
more  logically  presented,  the  Committee  has  arranged  to  have  each 
volume  of  the  Transactions  cover  the  calendar  year  instead  of  the 
fiscal  year.  Formerly  each  volume  covered  the  Annual  Meeting  of 
one  administration  and  the  Spring  meeting  of  the  following  administra- 
tion.    Henceforth  the  work  of  one  administration  will  appear  in  one 
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volume.  This,  it  is  thouo;ht  will  assist  the  memory  in  locating  papers 
and  it  has  several  manifest  advantages. 

It  has  been  gratifying  to  the  Committee  to  observe  the  extent  to 
which  the  members  have  completed  their  files  of  back  volumes; 
showing  the  appreciation  of  the  Society  at  large  of  the  valuable 
character  of  our  Transactions. 

Although  the  Meetings  Committee  receives  the  manuscripts  and 
prepares  them  for  presentation  to  the  Society  at  its  various  meetings 
and  for  publication  in  the  Proceedings  the  Society  does  not  by  that 
act  obligate  itself  to  publish  this  material  in  the  Transactions.  On 
the  other  hand  it  is  distinctly  of  advantage  to  the  Society  to  have 
another  Committee  pass  upon  this  material  and  determine  its  value 
for  permanent  record. 

Whereas  nearly  2000  pages  of  material  were  published  last  year  in 
the  Proceedings  onl}^  about  half  of  that  will  be  retained  for  the  Trans- 
actions. This  leads  us  to  recommend  that  authors  who  are  desirous 
of  having  their  papers  retained  for  the  Transactions  should  be  careful 
in  preparing  them  to  keep  in  mind  brevity  of  statement  so  far  as  may 
be  consistent  with  clearness  and  completeness 

In  cooperation  with  the  Meetings  Committee,  the  publication  work  of 
the  Society  is  to  be  very  much  enhanced  and  attention  will  be  given  reg- 
ularh'  to  the  including  of  symposiums  or  papers  relating  to  all  the  princi- 
pal divisions  of  engineering  coming  within  the  scope  of  this  Society. 

An  interesting  work  now  in  hand  is  the  publication  of  the  Society 
history.  This  has  been  prepared  by  a  special  Committee  consisting 
of  Messrs.  John  E.  Sweet,  C.  W.  Hunt  and  H.  H.  Suplee,  and  will 
appear  first  as  a  serial  in  the  Proceedings;  one  of  the  objects  of  this 
being  to  secure  the  benefit  of  suggestions  and  possible  corrections 
by  the  membership.  Afterward  the  history  will  be  published  in  a 
single  volume,  uniform  with  the  Transactions  containing  photogra- 
vures of  all  the  Past-Presidents,  Treasurers  and  Secretaries  and  of 
the  several  headquarters  which  the  Society  has  occupied. 


Publication 
Committee 


D.  S.  Jacobus  Chairman 
C.  J.  H.  Woodbury 
Fred  J.  Miller 
Walter  B.  Snow 
H.  F.  J.  Porter 

the  membership  committee 

During  the  past  year  the  Membership  Committee  has  considered 
twice  as  many  applications  for  membership  as  were  ever  before  pre- 
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fented  to  it  in  one  year.  503  applications,  including  60  promotions, 
have  been  favorably  reported.  Many  more  applications  were  con- 
sidered. 

In  addition  to  the  above,  there  are  124  names  on  the  ballot  just 
closing  and  199  applications  pending.  The  present  membership  of 
the  Society  is  the  largest  in  its  history,  consisting  of  IG  honorary 
members,  2286  members,  324  associates  and  740  juniors,  a  total  of 
3366.     This  is  a  significant  indication  of  the  progress  of  the  Society. 

The  Council  and  members  may  be  sure  tlTat  the  Membership  Com- 
mittee is  most  scrupulously  scrutinizing  the  record  of  every  appHcant, 
and  further,  that  no  application  is  favorably  passed  that  does  not 
have  references  who  are  personally  familiar  with  the  engineering 
work  of  the  applicant.  We  believe  the  Society  was  never  so  strict 
in  this  respect  as  now. 

The  members  of  the  Committee  feel  that,  while  the  labor  of  attend- 
ing 16  protracted  meetings  has  been  great,  they  have  been  well 
repaid  for  their  efforts. 

Ira  H.  Woolson  Chairman   ] 

Jesse  M.  Smith  I   ,_     .      ,  . 

Membership 


Henry  D.  Hibbard  ,    ^ 

^  -r,    T-.  Committee 

Charles  K.  Richards  | 

Francis  H.  Stillman  J 

THE    standardization    COMMITTEE 

The  Standardization  Committee  has  from  the  beginning  of  its  work, 
eighteen  months  ago,  taken  the  view  that  its  first  duty  was  to  provide 
that  the  largest  portion  of  the  Secretary's  time  should  be  devoted  to 
what  may  be  called  advance  work.  The  object  of  your  Committee 
therefore  has  been  so  to  organize  the  office  and  routine  work  of  the 
Society  that  it  would  go  forward  largely  independent  of  the  Secretary. 

With  this  in  view  every  effort  has  been  made  during  the  past  year 
to  study  critically  the  various  functions  constituting  the  regular  work 
of  the  Society.  This  has  been  done  primarily  with  the  idea  of  reduc- 
ing them  to  written  instructions  which,  incorporated  into  a  book  of 
standards,  should  act  as  a  guide  to  the  employees  of  the  Society  in  the 
performance  of  their  several  duties.  A  large  part  of  the  field  has 
been  covered  and  the  work  is  constantly  being  increased. 

Through  this  study  of  methods  many  opportunities  for  improve- 
ments, involving  both  increased  efficiency  and  lowered  cost,  naturally 
have  presented  themselves.  In  any  work  such  as  this,  it  is  difficult 
to  make  any  broad  statement  as  to  exact  gains  in  efficiency  or  reduc- 
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lions  in  cost.  That  there  have  l)een  both  in  hirge  nioasnre  is  shown  l\v 
tlio  reports  of  tlie  various  Standini^  Committees. 

In  this  work  your  Committee  has  enjoyed  the  broadest  spirit  of 
cooperation  from  the  various  standing  committees.  We  are  also 
happy  to  be  able  to  say  that  we  have  had  the  active  assistance  of  every 
one  of  the  office  staff  of  the  Society. 

The  standards  which  have  been  adopted  are  all  on  file  in  the  Society's 
office  and  are  open  to  the  inspection  of  members.  Any  suggestions 
which  may  lead  to  their  betterment  will  always  be  gladly  entertained. 

Frederick  W.  Taylor  Chairman  ] 
Frederick  R.  Hutton  [  Standardization 

Fred  J.  Miller  [       Committee 

Calvin  W.  Rice  J 

the  library  committee 

The  Chairman  of  the  Library  Committee  of  The  American  Society 
of  Mechanical  Engineers  desires  to  report  to  the  Council  at  the  present 
time  that  the  property  of  the  Library  has  been  transferred  from  the 
house  No.  12  West  31st  Street  to  the  upper  floors  of  the  Union  Engi- 
neering Building  without  loss  or  injury,  and  that  during  the  summer 
the  books  have  been  arranged  in  the  new  quarters,  and  the  library 
opened  in  working  order  in  association  with  the  libraries  of  the 
Founder  Societies. 

It  is  realized  that  one  of  the  most  valuable  features  in  the  joint 
library  lies  in  the  bound  files  and  current  issues  of  the  various  technical 
journals.  In  order  to  faciUtate  the  use  of  these  it  has  been  arranged 
to  maintain  a  current  subject  index  of  the  contents  of  these  periodicals 
by  clipping  the  items  of  the  Engineering  Index  as  it  is  issued  monthly, 
these  being  mounted  on  cards  and  arranged  in  a  card  index,  accessible 
to  users  of  the  library.  This  card  index  is  kept  up  closely  to  date, 
supplementing  the  published  volumes  of  the  Engineering  Index  so 
that  it  may  be  used  to  direct  anyone  to  the  latest  articles  in  the 
technical  journals  of  America,  England,  and  the  Continent.  Articles 
which  have  appeared  since  the  issue  of  the  latest  volume  of  the 
Engineering  Index  will  be  found  in  the  card  index  in  the  case  in  the 
library,  and  in  by  far  the  greater  number  of  instances,  the  references 
thus  indexed  may  be  found  on  the  shelves  of  the  library,  either  in  the 
bound  volumes  or  in  the  current  unbound  numbers. 

The  librarians  will  gladly  assist  in  finding  any  articles  thus  indexed, 
or  in  explaining  the  arrangement  of  the  index. 
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The  bound  volumes  of  the  Engineering  Index  are  also  on  the 
shelves,  available  for  reference  upon  request.  This  feature  alone 
renders  the  library  of  especial  value,  both  in  finding  the  collected 
information  upon  any  technical  subject,  or  for  investigating  the  state 
of  any  department  of  work,  as  in  patent  searches  and  the  like. 

In  accordance  with  the  authorization  of  the  governing  bodies  of 
the  three  Founder  Societies  the  chairmen  of  the  three  library  com- 
mittees hold  meetings  in  conference  for  the  general  conduct  of  the 
library.  This  joint  committee  has  adopted  the  following  tentative 
rules  for  the  conduct  of  its  Avork: 

That  no  questions  shall  be  decided  by  inajoi-ity  votes  of  the  three  representa- 
tives of  the  three  Societies,  but  that  all  decisions  must  be  unanimous  in  order  to 
become  effective;  dissent  on  the  part  of  any  one  representative  being  sufficient 
to  require  a  reference  to  the  respective  library  committees,  and  ultimately,  if 
necessary,  to  the  governing  bodies  of  the  respective  Societies,  excepting  as  to 
matters  regarding  which  the  regular  single  representative  is  clothed  with  full 
powers. 

That  for  the  present  all  consideration  of  the  question  of  a  new  organization  for 
the  administration  of  the  three  libraries,  or  of  the  appointment  of  any  additional 
or  general  librarian,  shall  be  postponed. 

That  the  present  arrangement,  under  which  the  three  present  Society  librarians 
administer  the  three  libraries,  each  under  the  supervision  of  her  authorized 
Society  representative,  and  in  mutual  cooperation  as  to  matters  of  common 
interest  or  necessity,  be  continued. 

That  the  reading  room  be  open  on  all  week-days,  from  9  a.  m.  to  5.  p.  m.  Only 
members  of  the  three  Founder  Societies,  and  others  duly  introduced  by  the 
Secretary  or  other  authorized  officer  of  one  of  the  Societies,  will  be  permitted 
access  to  the  alcoves  or  other  spaces  inside  the  rail. 

That  for  the  protection  and  convenience  of  members  the  Secretary  of  each 
Society,  will,  upon  application,  issue  to  any  member  of  his  Society  in  good  stand- 
ing a  personal,  non-transferable  card,  entitling  him  to  the  use  of  the  libraries 
in  the  alcoves  of  the  reading  room.  This  card  must  be  signed  by  the  person 
receiving  it,  and  surrendered  at  the  desk  at  the  time  of  its  presentation.  At 
every  visit  he  must  identify  himself  by  signing  his  name  in  the  registry. 

That  non-members  may,  in  the  two  outer  alcoves,  receive  and  consult  books 
for  which  they  call  at  the  desk;  or  they  may,  on  similar  application  to  one  of  the 
Secretaries  sec,m-e  special  cards  admitting  them  to  the  inner  alcoves  under  similar 
restrictions. 

The  librarians  shall  have  no  discretion  in  the  matter  of  allowing  any  catalogued 
pamphlet  or  volume  to  be  taken  from  either  of  the  libraries  for  any  purpose,  but 
shall  decline  to  permit  any  such  loan  unless  authorized  in  writing  so  to  do  by  the 
Chairman  of  the  Committee  or  the  Secretary  of  the  Society  to  which  the  pam- 
phlet or  volume  belongs.  But  a  duplicate  may  be  thus  loaned  at  the  discretion 
of  the  librarian  directly  responsible. 

W.  J.  Jenks,  American  Institution  of  Electrical  Engineers, 
K.  W.  Raymond,  American  Institution  of  Mining  Engineers, 
Henry  Harrison  Supplee,  The  American  Society  Mechanical 
Engineers. 
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Members  are  especially  invited  to  visit  the  library  when  in  New 
York,  to  use  its  faciUties  in  every  practicable  manner,  and  to  call 
upon  the  Secretary  for  cards  entitling  them  to  access  to  that  portion 
of  the  room  behind  the  desk  and  to  the  shelves. 


Ambrose  Swasey 
George  F.  Swain 
Leonard  Waldo 

1 

Frederick  M.  Whyte  | 

Henry  Harrison  Suplee    J 
Chairman 


Library 
Committee 


At  a  recent  conference  of  the  three  library  committees  it  was 
decided  to  keep  the  library  open  until  nine  o'clock  in  the  evening  on 
all  week  days  except  public  holidays.  Considerable  expense  is 
assumed  by  this  action,  and  the  continuance  of  the  poUcy  will  depend 
upon  the  number  of  persons  who  avail  themselves  of  the  privilege 
thus  offered  of  making  more  extensive  use  of  the  Ubrary. 

united  engineering  society  report  of  treasurer 

JANUARY,    1,    1908 

New  York,  February  15,  1908 
To  the  Board  of  Trustees,  United  Engineering  Society: 

I  beg  to  submit  herewith  the  report  of  the  Treasurer  as  of  December 
31,  1907. 

Your  attention  is  called  to  the  fact  that  the  resources  and  liabilities, 
receipts  and  disbursements  statements  cover  all  the  financial  trans- 
actions of  the  United  Engineering  Society  from  its  organization  up  to 
December  31,  1907. 

The  income  and  expenses  of  operating  the  building  during  the  whole 
operating  period  from  December  15,  1906,  to  December  31,  1907, 
somewhat  in  excess  of  twelve  months,  are  given. 

Included  in  the  expenses,  amounting  in  all  to  S52  647.1 1,  will  be  found 
an  item  entitled  "Building  Equijjment"  —  (construction  account). 
The  expenditures  under  this  item  were  not  made  for  the  operating 
expenses  of  the  biukling,  but  represent  a  construction  account, 
properly  speaking,  covering  expenditures  for  furnishings  and  equip- 
ment of  the  buikling.  The  Founders'  Agreement  specifically  provides 
for  this  class  of  expenditure  under  the  provision  that  the  Founders' 
Societies  shall  each  be  liable  for  a  charge  not  to  exceed  S200  000  of 
principal,  which  shall  include  the  land  and  buikling  completed  and 
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ready  for  occupancy,  together  with  the  "Furnishings,  equipment  and 
personal  property  therein." 

Certain  details  of  equipment  are  yet  to  be  supplied,  and  it  is  pro- 
posed in  the  near  future  to  call  upon  the  Founders'  Societies  for  an 
assessment  on  their  respective  land  and  building  funds  to  cover  this 
item  of  building  equipment.  Such  action  would  enable  the  item  of 
$10  039.85  to  be  transferred  to  the  income  account  and  reduce  corre- 
spondingly the  assessment  which  it  would  be  necessary  to  make  on  the 
Founders'  Societies  to  cover  the  operating  expenses  for  1908. 

The  actual  operating  expenses  for  the  period  December  15,  1906,  to 

December  31,  1907,  have  been $33  126 .41 

or  including  furniture  and  fixtures,  amounting  to 1  307.41 

we  have  a  total  operating  cost  of  the  building  for  the  above  period     

of $34  433.82 

This  includes  an  expenditure  for  telephone  service  of .  .       $1  174.76 
for  which  we  are  reimbursed  by  the  occupants  of 
the  building,  and  also  the  cost  of  insurance  pre- 
mium for  two  years,  only  half  of  which  should  be 
charged  to  the  1907  operating  account 1  087.24 

There  should,  therefore,  be  deducted  from  the  1907 

operating  account  a  total  of , $2  262. 00 

making  the  actual  net  cost  of  operating  the  build- 
ing for  the  period  of  twelve  and  one-half  months, 
including  repairs  and  renewals,  but  exclusive  of 
depreciation  and  reserve  allowance $32  171 .  82 

Or,  for  the  year— exactly  12  months— $30  884.94 

It  will  also  be  noted  that  in  compliance  with  the  provisions  of  the 
Founders'  Agreement  (Article  68)  the  Trustees  have  set  aside,  as  a 
special  fund  to  cover  depreciation  and  reserve  for  1907,  an  amount 
of  $5000. 

In  the  report  submitted  by  Messrs.  C.  F.  Scott,  B.  J.  Arnold  and 
Dr.  S.  S.  Wheeler,  under  date  of  January  29,  1904,  which  was  trans- 
mitted to  the  Founders'  Societies  at  the  time,  it  was  estimated  that 
the  cost  of  operating  the  building  would  be  approximately  $27  000.39, 
exclusive  of  repairs  and  renewals  and  depreciation,  which  were  esti- 
mated together  at  $2961  making  a  total  then  estimated  of  $30  000. 

Attention  is  called  to  the  fact  that  we  havestill  available  unoccupied 
space  to  the  extent  of  the  equivalent  of  one  entire  office  floor,  which, 
if  occupied,  would  produce  an  increased  revenue  through  assessments 
of  approximately  $11  000  per  year. 

While  each  Founder  Society  occupies  and  is  assessed  for  one  whole 
floor,  some  of  this  space  would  be  available  for  other  tenants  shoukl 
all  the  other  office  space  become  occupied. 
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The  assessments  paid  by  each  of  the  Founders'  Societies  occupying 
one  entire  office  floor  were  $10  000  per  year.  In  addition  to  this  each 
Founder  Society  bears  its  burden  of  interest  charges  amounting 
annually  to  S7000,a  total  cost  of  $17  000,  exclusive  of  charges  for  any 
occupancy  of  the  auditorium  or  meeting  rooms. 

At  the  present  rate  of  assessments  for  office  space,  the  Associate 
Societies  pay  for  similar  accommodations  at  the  rate  of  only  $8868 
per  year. 

Even  if  it  be  assumed  that  the  Founders'  Societies  alone  should  bear 
the  pro-rated  charges  for  the  occupancy  of  the  library  floors,  their 
total  assessments,  on  the  basis  of  the  Associates'  assessment,  should  be 
only  $14  780  per  year,  instead  of  $17  000,  the  amount  they  have  actu- 
ally paid  the  past  year. 

It  should  be  noted  that  many  of  the  Associate  Societies  did  not 
move  into  their  quarters  until  considerably  after  January  1,  1907, 
and  the  Income  Account  does  not,  therefore,  represent  a  full  year  of 
occupancy. 

It  will  be  seen,  therefore,  that  as  long  as  there  is  unoccupied  space 
in  the  building  the  burden  which  the  Founders'  Societies  will  have  to 
bear  will  be  considerably  in  excess  of  the  corresponding  assessments 
which  are  being  charged  to  the  Associate  Societies.  Attention  is  also 
called  to  the  comparatively  small  use  of  the  auditorium  as  shown 
in  the  report  of  the  building  superintendent. 

It  is  suggested  that  further  efforts  be  made  to  induce  other  Societies 
to  occupy  the  office  space  still  available,  and  to  secure  a  larger  utili- 
zation of  the  auditorium  and  meeting  rooms.  When  such  larger 
utilization  shall  be  made  of  the  exceptional  facilities  offered  by  our 
building,  the  burden  of  expense  which  the  Founders'  Societies  are  now 
called  upon  to  bear  will  be  notably  reduced  and  the  cost  to  them  of 
their  office  facilities  will  be  not  greater  than  the  rental  of  similar 
office  space  elsewhere,  while  the  advantages  accruing  to  each  Society 
from  joint  occupancy  of  the  building  will  be  of  inestimable  benefit 
to  every  member. 

Respectfully    submitted 

[Signed]  J.  W.  Lieb,  Jr. 

Treasurer 
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UNITED  ENGINEERING  SOCIETY 
Balance  Sheet,  January  1,  1908 

ASSETS 

Real  estate,  land $540  000 .00 

Real  state,  building 1  050  000.00 

Building  equipment  (construction  account) 10  039 .85 

Furniture  and  fixtures 1  307  .41 

Accounts  receivable .  1  950 .00 

Petty  cash 500 .00 

Cash,  bank  balance 6  507 .87 


610  305.13 


LIABILITIES 

Joint  balance  of  mortgage  (land) $292  000 .00 

A.  I.  E.  E.  payments   in   liquidation  of    mort- 
gage on  land 99  000.00 

A.  S  M.  E.  payments  in  liquidation   of  mort- 
gage on  land 99  000.00 

A.  I.  M.  E.  payments   in   liquidation   of  mort- 
gage on  land 50  000.00 

A.  I.  E.  E.  equity  in  building 350  000.00 

A.  S.  M.  E.  equity  in  building 350  000.00 

A.  I.  M.  E.  equity  in  building 350  000.00 

Building  equipment  (construction  account) 10  039 .85 

Furniture  and  fixtures 1  307 .41 

Depreciation  and  reserve  fund 5  000 .00 

Balance  cash  and  accounts  receivable 3  173 .44 

Accounts  payable 784 .43 


610  305.13 


UNITED  ENGINEERING  SOCIETY 
Statement  of  Receipts  and  Disbursements  up  to  December  31,  1907 

RECEIPTS 

Preliminary  founders  assessment $24  000 .00 

Account  principal  of  mortgage 248  000 .00 

Account  interest  of  mortgage 47  098 .86 

$319  098.86 

Refund  account  organization  expense 4  696 .  18 

Refund  account  interest 46 .  55 

Refund  account  insurance 387 .50 

Donation  account  dedication  exercises 403 .25 

5  533.48 

Assessment  founders 29  999 .97 

Assessment  associates  (offices) 9  134.22 

Assessment  miscellaneous  (meetings) 2  904.25 

Telephone  and  miscellaneous  receipts 1  459 .46 

43  497.90 


$368  130.24 
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DISBURSEMENTS 

Account  principal  of  mortgage $248  000 .00 

Account  interest  on  mortgage 58  798 .86 

Organization  expense 10  634 .27 

Building  equipment  (construction  account) 10  039  .85 

Furniture  and  fixtures 1  307 .41 

Operating  account  (cash  disbursements) 28  112 .53 

Stationary  and  printing 1  890 .26 

Insurance  (two  years) 2  339.19 

Balance,  cash  in  bank 6  507 .  87 

Petty  cash 500.00 


$317  433.13 


11  347.26 


S2  341.98 


7  007.87 

$368  130.24 

Operating  income  and  expenses.     Operating  period  December  15,  1906,  to 
December  31,    1907 

INCOME 

Cash  balance  December  31,  1906 $7  199.21 

Assessment  founders 29  999  .97 

Assessment  associates  (offices) 9  408.55 

Assessment  miscellaneous  (meetings)  4  041 .75 

Telephone  and  operating 1  997.63 

$52  647.11 

EXPENDITURES 

Operating  account 28  896 .96 

Stationery  and  printing 1  890 .26 

Insurance 2  339  .  19 

Total  operating  expenses $33  126.41 

Building  equipment  (construction  account) 10  039  .85 

Furniture  and  fixtures 1  307  .41 

Depreciation  and  reserve  fund 5  000 .00 

Balance  (surplus  on  hand) 3  173.44 

$52  647.11 


No.  1164 

THE  MECHANICAL  ENGINEER  AND  THE  EUNC- 
TION  OF  THE  ENGINEERING  SOCIETY 

President's  Address  1907 
By  prof.   F.   R.  HUTTON,   E.M.,  Ph.D.,  Sc.D.,  NEW  YORK 

The  convening  of  The  American  Society  of  Mechanical  Engineers 
for  its  Annual  i\Ieeting  in  the  splendid  building  devoted  to  the  needs 
and  uses  of  such  a  Society  and  for  the  first  time  in  such  surroundings 
makes  it  seem  fitting  that  the  opening  address  of  the  meeting  should 
consider  the  duty  and  function  of  the  engineering  society  in  its  rela- 
tion to  the  profession  which  underUes  it.  The  speaker  takes  special 
pleasure  in  avaihng  himself  of  this  opportunity  by  reason  of  the  many 
years  of  his  service  to  such  a  Society  and  of  the  close  touch  permitted 
to  him  for  this  reason  with  the  problems  which  the  topic  presents. 

2  It  would  be  an  attractive  possibility  to  consider  the  Avide  range 
of  the  Engineering  Societies  as  they  are  grouped  under  the  roof  of  this 
Engineering  Building,  and  to  discuss  their  functions  with  respect  both 
to  their  own  specialties  and  to  the  profession  as  a  whole.  This  would 
open  up  the  possibilities  of  the  building  and  the  significance  of  it  as  a 
gift  to  our  profession  in  a  way  which  would  be  both  stimulating  and 
suggestive;  and  would  present  the  greatness  of  the  thought  in  the 
mind  of  its  donor  in  a  way  to  make  it  remembered.  But  the  limita- 
tions in  space  and  time  and  the  proprieties  of  the  case  make  it  appear 
fitting  to  confine  consideration  to  the  one  field  of  the  Mechanical 
Engineer,  and  to  the  function  of  The  American  Society  which  bears 
his  name.  This  simplifies  the  questions  into  two :  What  is  the  mechan- 
ical engineer  at  the  opening  of  the  twentieth  century;  and,  what  are 
the  duties  and  functions  of  an  American  Society  of  Mechanical  Engi- 
neers to  that  branch  of  the  profession?  This  latter  logically  divides 
into  two  sections;  the  duty  of  the  Society  to  those  without  its  member- 
ship; and  the  duty  of  the  Society  to  those  enrolled  within  it. 

Presented  at  the  New  York  Meeting  (December  1907)  of  The  American  Society 
of  Mechanical   Engineers,  and  forming  part  of  Volume  29  of  the  Transactions. 
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3  In  seeking  a  defensible  definition  of  the  mechanical  engineer  in 
these  days,  which  are  those  of  speciaUzation  on  the  one  hand  and  of 
broadening  scope  upon  the  other,  there  are  several  courses  open.  The 
first  and  obvious  one  is  to  rest  upon  authority  and  inheritance  and  to 
follow  recorded  standards  which  have  some  vogue  or  acceptance. 
The  second  is  to  gain  definiteness  of  thought  by  differentiating  the 
mechanical  engineer  from  other  speciahsts  by  noting  what  lines  of 
professional  activity  are  not  his;  and  the  third  will  be  to  scrutinize 
the  list  of  membership  in  the  Society  and  so  dividing  the  members 
into  groups  to  generalize  therefrom  as  to  what  the  man  is  d'oing  who 
is  or  claims  to  be  a  mechanical  engineer. 

4  In  turning  to  the  historical  definition,  or  that  which  has  its 
authority  from  long  usage,  the  stately  language  of  Tredgold  of  Eng- 
land always  claims  first  place  as  of  right.  At  a  meeting  of  the  Council 
of  the  Institution  of  Civil  Engineers  of  Great  Britain  on  December  29, 
1827,  Mr.  Tredgold,  Honorar}^  Member  of  the  Institution,  was  re- 
quested by  resolution  to  "give  a  description  of  what  a  Civil  Engineer 
is,"  in  order  that  this  description  might  be  embodied  in  the  petition 
for  a  charter  for  such  a  body.     Mr.  Tredgold's  historic  definition  is: 

5  "Civil  Engineering  is  the  art  of  directing  the  great  sources  of 
power  in  Nature  for  the  use  and  convenience  of  man."  He  ampUfies 
this  by  adding  that  it  is  a  practical  application  of  the  most  important 
principles  of  natural  law,  and  has  among  its  objects  that  of  improv- 
ing the  means  of  production  and  of  traffic  for  external  and  internal 
trade,  such  applications  being  directed  to  the  construction  and  manage- 
ment of  roads,  bridges,  railroads,  aqueducts,  canals,  river  navigation, 
docks  and  store  houses,  ports,  harbors,  breakwaters,  moles  and  light- 
houses. He  includes  also  the  protection  of  property  from  injury  by 
natural  forces,  as  in  the  defense  of  tracts  of  land  from  encroachments 
by  sea  or  rivers:  the  direction  of  streams  and  rivers  for  use  either  as 
powers  to  work  machines  or  as  supplies  for  towns  or  for  irrigation, 
as  well  as  the  removal  of  noxious  accumulations  as  by  drainage.  He 
touches  also  upon  navigation  by  artificial  power  for  the  purposes  of 
commerce,  and  adds  that  the  scope  of  utility  of  engineering  will  be 
increased  with  every  discovery  in  natural  law  and  physics,  and  its 
resources  with  every  invention  in  mechanical  and  chemical  art. 
The  Charter  of  the  Institution  repeats  the  Tredgold  wording,  and  de- 
scribes the  profession  of  the  civil  engineer  as  "the  art  of  directing  the 
great  sources  of  power  in  nature  for  the  use  and  convenience  of  man, 
as  the  means  of  production  and  of  traffic  in  states  botli  for  external 
and  internal  trade  as  applied  in  the  construction  of  roads  and  bridges, 
aqueducts,  canals,  river  navigation  and  docks  for  internal  intercourse 
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and  exchange  and  in  the  construction  and  adaptation  of  niacliinery 
and  in  the  (h-ainagc  of  cities  and  towns." 

G     In  comment  upon  this  definition  it  may  be  observed: 

a  It  should  receive  the  respectful  homage  which  is  due  to  a 
great  achievement.  Its  breadth  and  comprehensiveness 
show  us  how  great  was  the  man  who  created  it,  and  so 
early  in  our  industrial  history.  By  suitably  extending 
the  meaning  of  its  terms  and  by  reading  into  them  the 
fuller  significances  of  the  later  j'-ears,  the  definition  is  still 
defensible  for  what  it  can  be  made  to  cover.  We  have  not 
outgrown  it  yet,  by  any  means. 

h  It  should  be  regarded  as  a  definition  of  engineering  in  its 
broad  and  comprehensive  sense,  and  should  not  be  used  to 
apply  only  to  that  speciaUzed  department  of  the  profes- 
sion to  which  in  America  the  term  civil  engineering  is  applied 
in  education  and  in  popular  use.  What  Mr.  Tredgold  meant 
was  the  profession  of  the  civilian  practitioner  of  engineer- 
ing, as  distinguished  from  the  military  engineer,  the  latter 
being  concerned  with  the  special  problems  of  the  fortress 
and  the  work  of  the  army.  The  civilian  and  the  miUtary 
engineer  have  much  the  same  problems  in  any  case,  and 
the  military  engineer  in  the  field  of  ordnance  becomes  per- 
force a  mechanical  engineer  of  high  order,^  but  the  purpose 
of  the  Tredgold  definition  was  to  form  the  basis  of  a  char- 
ter for  an  organization  of  civihans  as  chfferentiated  from 
employees  of  the  British  Government  in  their  own  engi- 
neering field;  and  the  qualifying  word  applied  to  the 
engineer  should  be  so  understood  in  the  fight  of  its  pur- 
pose. 

c  In  the  third  place  it  should  be  noted  that  this  definition  of 
engineering  as  practised  by  the  civiUan  was  given  in  the 
infancy  or  at  the  birth  of  the  modern  industrial  epoch  in 
whreh  we  are  now  living.  This  constitutes  an  element 
of  the  admiration  we  must  feel  for  the  greatness  of  its 
creator,  that  under  these  conditions  he  should  have  seen 
so  far;  but  the  fact  is  also  responsible  for  the  limitations 
which  are  suggested  by  it  and  which  must  be  removed 
in  the  light  of  our  present  clearer  vision.  The  year  1827 
was  two  years  in  advance  of  the  competition  at  Rainhill 
where  Stephenson  won  fame  for  the  solution  of  the  motive 

'  See  paper  by  Brigadier  General  William  Crozier,  p.  65,  vol.  29. 
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power  problem  of  the  railway:  the  first  power  driven 
steamboats  on  the  Thames  had  been  struggling  against 
the  tides  only  since  1813,  and  Dr.  Dionysius  Lardner  had 
convinced  all  conservatives  that  the  consumption  of  fuel 
as  the  standard  then  existed  would  preclude  all  successful 
working  of  long  distance  marine  ser>'ice  such  as  across  the 
Atlantic  Ocean  or  around  the  Cape.  The  machine  tool 
was  still  a  small  thing,  whose  tools  were  held  by  hand  to 
the  work  to  be  done.  Engineers  were  highly  pleased  when 
the  fit  of  the  engine-piston  in  the  bore  of  the  cylinder  was 
so  close  that  "  at  no  point  in  its  circumference  or  traverse 
could  you  drop  a  shiUing  through  the  space  between  the 
two."  The  mining  of  England  while  important  relatively 
was  yet  hmited  for  lack  of  shaft-machinery  and  was  largely 
or  entirely  carried  on  by  mine-bosses  of  experience. 
Faraday  had  yet  four  3-ears  to  labor  before  he  made  his 
historic  chscovery  of  the  electric  current  induced  by  motion 
before  the  pole  of  the  magnet.  The  metallurgist  and 
chemical  engineer  could  only  come  into  being  when  the 
needs  of  a  community,  built  upon  industrial  production 
with  cheap  power  at  its  base,  should  have  called  for  him. 
What  did  exist  were  mills  driven  by  water-power:  the 
iron  works  built  upon  the  puddling  and  rolUng  processes 
originated  by  Henry  Cort,  and  the  achievements  of  Boul- 
ton  and  Watt  in  respect  to  stationar}^  steam  engine? 
Nasmyth  with  the  steam  hammer  and  the  large  machinr 
tool  were  still  in  the  future;  but  most  of  all  and  mosi 
significant  of  all  from  the  present  point  of  view,  the  idea 
of  manufacturing  or  production  upon  a  large  scale,  in 
factories  or  shops  where  great  groups  of  productive  ma- 
chinery were  gathered  together  to  be  served  by  a  common 
source  of  mechanical  power  had  not  yet  been  born.  The 
industrial  community  or  civilization  made  possible  and 
present  by  the  combined  achievement  of  the  phj'sicist, 
the  mechanical  engineer  and  the  electrical  engineer,  in 
whose  power  house  and  from  it  are  Uberated,  generated 
and  transmitted  the  vast  volumes  now  in  use  of  industrial 
energy  is  truly  dependent  upon  the  powers  of  nature  con- 
trolled and  directed  by  engineers.  The  implication  is 
however  that  these  forces  of  nature  are  in  existence 
and  active  and  are  awaiting  control  and  direction.  The 
definition  is  silent  upon  that  group  of  engineers  concerned 
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with  the  liberation,  the  generation  and  the  transmission 
of  forces  which  are  potential  and  are  not  realized  in  nature 
until  in  accordance  with  natural  l:i\v  some  engineer  has 
causetl  them  to  appear. 

d  Again,  it  is  only  by  a  great  stretching  of  the  inclusive  char- 
acter of  terms,  that  the  expression  "powers  of  nature"  can 
be  made  to  include  the  forces  which  are  economic  or  social 
or  psychological  in  their  application,  and  which  come  into 
play  for  control  and  direction  when  production  on  a  large 
scale  is  under  consideration,  and  large  numbers  of  human 
beings  become  the  organs  or  implements  of  the  factory  as 
a  tool  for  production.  The  aggregation  of  power,  ma- 
chinery and  producers  is  a  unit ;  it  is  to  be  created,  organized 
and  operated  for  an  end.  By  whom?  The  ordinary  com- 
mercial or  financial  or  business  training  alone  is  not  ade- 
quate for  proper  direction  and  control:  the  learned  profes- 
sions of  law,  medicine  or  divinity  are  not  suggested  for  the 
purpose;but  as  the  engineer  has  created  the  plant  in  its 
physical  aspects,  he  would  seem  the  proper  one  to  operate  it 
in  its  industrial  functions.  The  engineer  has  therefore 
become  an  economic  factor  as  he  was  not  conceived  to  be 
in  that  earlier  day.  The  energies  directed  and  controlled 
by  such  an  engineer  may  only  be  included  within  the 
"powers  of  nature"  by  an  effort  which  strains  their  mean- 
ing to  the  breaking  point  in  unfriendly  hands:  he  is  yet 
a  director  or  controller  of  forces,  and  of  no  insignificant 
type. 

e  The  inclusion  of  the  powers  of  nature  within  the  scope  of  the 
elements  of  the  profession  of  engineering  carries  with  it 
the  utilizing  of  the  resisting  forces  created  in  the  materials 
of  engineering  when  such  powers  are  exerted  to  deform 
them.  Engineering,  therefore,  correctly  covers  the  crea- 
tion of  structures  to  resist  the  dynamic  action  of  forces, 
meeting  by  the  principles  of  statics  the  impact  or  action 
of  impressed  energy.  The  definition  might  properly  be 
extended,  therefore,  to  cover  both  the  adaptation  of  the 
physical  properties  of  the  materials  of  nature  or  manu- 
facture to  the  withstanding  of  stress,  and  the  direction 
and  control  of  forces. 
/  Finally,  he  who  commits  himself  to  the  splendid  Tredgold 
definition  must  take  its  alleged  defect  with  its  excellency. 
It  is  that  it  includes  as  engineers  not  alone  those  who 
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create  and  install  apparatus  to  control  and  use  the  powers 
of  nature,  hut  those  also  who  direct  and  control  the  ma- 
chines or  apparatus  when  created  and  installed.  This  will 
include  those  who  maybecalled  "coordinators  of  design," 
u'ho  take  the  boilers,  engines,  dynamos,  condensing  appa- 
ratus, piping  and  pumps  which  are  on  the  market,  and 
combine  these  into  a  consistent  whole.  They  have  not 
designed  any  of  the  units  themselves,  or  created  a  new  ma- 
chine, but  they  have  created  a  power  house,  and  are  utiUzing 
the  powers  of  nature  for  the  use  and  convenience  of  man. 
.Somewhat  under  the  same  category  is  he  who  receives  the 
finished  power  house  with  all  its  units  from  the  foregoing 
type  of  engineer  and  his  alHes,  the  contractors  who  have 
done  the  construction  work,  and  is  then  and  thereafter 
entrusted  with  this  upkeep,  repair  and  continuous  opera- 
tion. Such  a  man  also  directs  and  controls  the  powers 
of  nature,  albeit  on  a  less  exalted  plane  than  the  creator 
or  designer  or  the  coordinator.  There  are  those  who 
would  make  the  coordinator  appear  as  a  mere  purchasing 
agent,  and  the  operator  as  a  mere  craftsman,  and  neither 
an  engineer.  I  cannot  agree  with  them,  beheving  that 
their  function  calls  for  skill  and  acquirement  of  a  high 
order.  The  historic  definition  unquestionably  provides 
for  them. 

g  If  the  writer  may  modestly  put  forward  a  suggestion  for  a 
revision  of  the  historic  definition,  he  would  word  it:  "The 
Engineer  is  he  who  by  science  and  by  art  so  adapts  and 
applies  the  physical  properties  of  matter  and  so  controls 
and  directs  the  forces  which  act  through  them  as  to  serve 
the  use  and  convenience  of  man,  and  to  advance  his 
economic  and  material  welfare. 

h  It  may  be  of  interest  to  add  tliat  the  accepted  diction- 
aries of  the  day,  the  Century  and  Standard,  define  the 
engineer  as  one  versed  or  skilled  in  the  principles  and  prac- 
tice of  any  department  or  branch  of  engineering,  deriving 
the  word  from  older  forms  which  means  he  who  makes  or 
uses  an  engine.  Engineering  is  further  explained  as  the 
science  and  art  of  making,  building,  or  using  machines  and 
engines;  or  of  designing  and  constructing  public  works 
or  the  like,  requiring  special  knowledge  of  materials,  ma- 
chinery and  the  laws  and  principles  of  mechanics.  Both 
give  as  a  secondary  meaning,  one  who  runs  or  manages  an 
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engine.  Both  the  French  and  the  Germans  avoid  this  latter 
double  use  of  the  word  by  calling  the  practitioner  of  this 
sort  of  engineering  a  machiniste  or  a  maschinist.  The 
French  also  have  the  word  mechanicien.  The  dictionary 
phrases  are  a  little  hard  on  the  mining  engineer,  for  ex- 
ample, who  is  scarcely  visible  in  the  description. 
This  leads  up  naturally  to  the  differentiation  of  the  mechanical 
engineer  from  those  versed  and  skilled  in  other  branches . 

7  In  making  the  following  classification  it  is  obvious  that  unani- 
mity cannot  be  secured  from  all  as  respects  the  number  of  branches 
to  be  recognized.  With  this  apolog}^  and  for  the  purpose  in  hand  there 
are  at  least  thirteen: 

a  The  mining  engineer  and  his  close  ally,  the  metallurgical 
engineer,  is  concerned  with  the  discovery  and  the  winning 
and  extraction  from  the  earth  of  its  buried  treasures  of 
oil,  fuel  and  rock.  He  touches  the  geologist  and  miner- 
alogist on  one  side  of  his  functions,  and  the  chemist  upon 
the  other.  Midway  he  allies  himself  to  the  mechanical 
engineer  for  the  power  to  overcome  his  resistances  and 
to  the  electrical  engineer  for  its  convenient  transmission 
to  the  working  point.  If  he  concentrates  his  ore  after 
winning  it  from  the  earth  he  calls  again  for  his  machinery 
upon  the  mechanical  engineer.  His  profession  passes  at 
one  limit  into  the  craft  of  the  quarryman;  and  the  other, 
he  calls  on  the  art  of  the  civil  engineer  for  his  tunnels  and 
for  his  shafts;  or  the  tunneUng  and  shaft  work  of  the  civil 
engineer  is  done  for  him  by  the  miner.  The  metallurgical 
engineer  who  transforms  the  crude  ore  into  marketable 
metal  or  into  the  merchant  form  or  structural  shape  is  alUed 
to  the  chemist  upon  the  one  side  for  his  processes  and  to  the 
mechanical  engineer  upon  the  other  for  his  machinery. 
The  electrical  engineer  is  more  and  more  furnishing  him 
the  energy  for  conversion  by  heat  through  electrical  chan- 
nels, the  mechanical  engineer  furnishing  the  latter  his 
power.  The  mining  engineer  may  be  both  miner  and 
metallurgist.  The  iron  and  steel  metallurgist  is  usually  a 
mechanical  engineer. 
b  The  electrical  engineer  is  primarily  entrusted  with  the  trans- 
formation of  mechanical  or  chemical  energy  into  elec- 
tric form,  and  its  transmission  in  that  form  to  the  point  of 
use,  where  it  will  be  again  converted  into  some  other  shape. 
The  electrical  engineer  has  made  his  own  the  questions  of 
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generating  such  electric  energy  for  the  solution  of  the 
problems  of  Ughting,  transportation  of  passengers  by 
railway,  and  communication  by  telegraph  and  telephone. 
He  touches  the  physicist  in  the  realm  outside  his  appUca- 
tions  of  science,  and  has  the  mechanical  or  hydraulic 
engineer  next  to  him  to  supply  mechanical  energy  to  his 
generator,  and  the  mechanical  engineer  beyond  him,  where 
his  energy  drives  the  tool,  or  operates  the  pump  or  the 
elevator.  Where  his  energy  is  made  to  appear  as  high 
heat,  he  serves  the  metallurgist,  the  chemical  engineer; 
where  it  appears  as  low  heat  or  as  light,  he  serves  the 
individual  members  of  the  community  directly,  as  he 
does  in  the  problem  of  communicating  speech.  His  field 
is  very  definite. 

c  The  naval  engineer  and  marine  architect  is  a  speciaUzed 
mechanical  and  structural  engineer.  His  hull  is  a  truss 
unsymmetrically  loaded  and  variably  supported:  his 
motive  power  a  definite  yet  widely  diversified  problem. 
He  covers  in  addition  a  wide  range  of  special  problems 
when  his  vessel  is  also  a  club  house  or  hotel,  on  the  one 
hand,  or  a  powerful  fighting  machine  upon  the  other. 

d  The  military  engineer  must  cover  both  the  defensive  and  the 
offensive  department  of  his  avocation.  On  the  one  side 
he  is  a  structural  engineer,  and  the  problems  of  effective 
transportation  enter  his  field,  which  he  therefore  shares 
wdth  what  is  usually  called  the  civil  engineer.  On  the 
side  of  attack,  the  problems  of  ordnance  both  for  its  con- 
struction and  for  its  operation  take  him  into  the  field  of 
the  mechanical  engineer  and  electrical  engineer,  and  his 
problems  touch  those  of  the  physicist  and  the  chemist 
and  the  mathematician  on  the  research  and  theoretical 
side.  In  fact  the  problems  of  the  military  engineer  are 
probably  those  in  which  the  solutions  offered  by  pure 
theory  can  be  most  direct  Ij^  utilized  of  any  presented  to 
the  engineers,  inasmuch  as  questions  of  cost  and  of  finan- 
cing are  usually  secondary  for  him.  If  the  result  is  worth 
attaining  at  all,  the  national  governments  will  always  be 
among  the  most  lavish  spenders. 

e  The  chemical  engineer  is  a  new  apphcant  at  the  door  of 
professional  recognition  in  certain  quarters.  He  is  the 
engineer  in  charge  of  production  or  manufacture  where 
the  process  or  the  product,  or  both,  are  chiefly  or  entirely 
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dependent  upon  the  theories  and  practice  of  chemistry. 
He  shares  his  field  with  the  metallurgical  engineer  as 
respects  the  manufacture  of  metals;  he  is  a  mechanical 
engineer  as  soon  as  the  plant  becomes  large  enough  to 
warrant  the  application  of  power  and  machinery  to  the 
mechanical  handhng  of  his  product.  Gas-plants,  sugar 
and  oil  refineries  and  the  straight  chemical  manufacturing 
corporations  call  for  such  a  man,  whatever  his  designa- 
tion. It  would  appear,  however,  that  the  normal  tend- 
ency of  growth  and  development  in  this  field  will  be  toward 
the  utiUzation  of  two  types  of  man.  The  one  will  be  the 
chemist  and  the  scientist;  the  other  will  be  the  mechanical 
engineer  and  executive.  It  may  easily  happen  that  in  the 
days  of  small  things  the  two  sets  of  duties  may  devolve 
upon  one  man;  later  on  it  will  be  found  that  the  best  quali- 
fications for  both  duties  wtU  not  be  found  in  one  indi- 
vidual, and  the  volume  of  duty  becomes  too  great  for  one 
man  to  be  effective  in  both.  When  separated,  the  cleav- 
age will  be  along  the  above  fines. 

/  The  sanitary  engineer  is  a  speciafist  in  hydraufic  engineering 
in  the  apphcations  of  water  supply  and  drainage  as  means 
to  secure  the  well  being  of  the  community  as  respects  its 
pubUc  health.  His  field  expands  from  that  of  the  wise 
precautions  respecting  the  piping  of  the  individual  house, 
where  he  touches  the  craftsmanship  of  the  plumber,  up  to 
the  broadest  problems  of  sewage  disposal  and  utilization, 
and  the  healthful  supply  of  potable  water  for  cities,  free 
from  bacterial  or  inorganic  pollution  at  its  source  or  in 
transit.  His  co-workers  are  the  bacteriologist  and  the 
physician.  It  would  seem  more  serviceable  however  for 
the  purpose  in  hand  to  group  such  men  with  what  are 
hereafter  to  be  called  the  civil  engineers. 

g  The  heating  and  ventilating  engineers,  making  a  specialty 
of  the  sanitary  requirements  of  enclosed  houses  as  respects 
their  fresh  and  tempered  air  supply,  are  really  sanitary 
engineers,  having  however  an  outlook  and  a  relation  to 
mechanical  engineering  in  the  appHances  of  their  function 
rather  than  toward  civil  engineering. 

h  The  refrigerating  engineer  is  concerned  witli  the  trans- 
formation of  mechanical  or  heat  energy  so  as  to  lower  the 
amount  of  such  intrinsic  energy  in  any  material  or  space. 
He  is  most  unassailably  a  mechanical  engineer. 
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i  The  hydraulic  engineer  is  of  two  groups.  The  one  type 
concerned  with  the  problems  of  the  river  or  canal  for 
navigation  or  for  power  with  the  dam  and  its  accompany- 
ing details  of  water  ways  and  controlling  gate  houses  and 
sluices;  and  with  the  gravity  storage  and  distribution  by 
mains  of  the  city  water  supply  has  plainly  his  outlook  to- 
ward civil  engineering.  The  other  type,  concerned  with 
the  water  motor  and  its  attached  machinery  for  its  opera- 
tion; with  the  mechanical  handling  of  water  for  city  use  or 
for  power  in  industry,  the  designer  of  pumps  and  hydraulic 
utiUzation  machinery  has  his  outlook  equally  definite 
upon  the  field  of  the  mechanical  engineer.  The  future 
is  likely  to  see  this  differentiation  emphasized,  the  one 
class  calling  himself  a  civil  and  hydraulic  engineer,  and 
the   other  class  a  mechanical  and  hydraulic  engineer. 

i  The  gas  engineer  has  two  sets  of  problems:  The  one  is  the 
intra-mural  manufacture  and  storage  of  his  product, 
where  his  functions  are  those  of  the  chemical  manufac- 
turer, and  he  should  be  both  chemical  and  mechanical 
engineer;  the  other  is  the  distribution  problem  for  whose 
solution  is  required  the  skill  and  knowledge  of  a  type 
which  is  unnamed,  but  which  logically  in  parallel  mth 
the  hydrauhc  engineer  above,  should  be  called  the  pneu- 
matic (or  gas)  engineer.  Industry  has  never  stopped  to 
be  logical  however,  and  the  pneumatic  engineer  should 
be  a  name  to  suppress.  The  future  will  doubtless  widen 
the  scope  of  the  gas  engineer  to  cover  the  plants  which 
make  and  use  fuel  gas  for  power  and  heating  in  units  not 
so  large  as  those  on  the  municipal  scale  now  in  evidence 
for  Ughting  mainly.  Such  creators  and  engineers  for 
heat  and  power  will  plainl}^  belong  in  the  mechanical 
field. 

k  There  is  no  recognized  group  of  engineers  of  transporta- 
tion, or  transportation  engineers.  Such  a  group  obvi- 
ously exists,  however,  whether  or  not  the  name  is  attached 
to  an  organization  inclusive  of  all,  or  is  in  general  use. 
Such  are  the  engineers  of  motive  power  on  the  steam 
railways,  with  the  master  mechanics  and  the  signal  engi- 
neers and  the  operative  class  on  locomotives;  such  are  the 
street  railway  engineers;  the  car  builders;  the  maintenance- 
of-way  engineers,  the  bridge  engineers,  the  engineers  of 
floating  equipment.     From  the  bottom  of  the  rail  up- 
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wards,  these  have  their  outlook  on  mechanical  or  electrical 
engineering;  from  the  bottom  of  the  rail  downward,  npon 
civil  engineering. 

8  The  foregoing  grouping  does  not  claim  to  be  exhaustive  nor 
inclusive  of  all  subdivisions  of  engineers  even  so  far  as  it  has  gone. 
The  current  activities  of  the  Engineering  Building  reveal  bodies  of 
municipal  engineers,  of  illuminating  engineers,  of  engineers  concerned 
in  fire  protection,  and  many  others.  But  the  purpose  has  been  to 
clear  the  way  for  the  separation  of  the  two  most  closely  aUied  in 
function  and  service,  the  civil  and  the  mechanical  engineer.  The  civil 
engineer  is  confessedly  differentiated  from  the  electrical  and  from 
the  mining  engineer:  he  has  been  more  and  more  utiUzing  the  achieve- 
ments of  the  mechanical  engineer,  or  the  latter  has  been  invading  the 
former  field  of  the  civil  engineer. 

9  It  is  plain  that  to  the  civil  engineer  belong  as  of  right  all  prob- 
lems relating  to  the  canal,  the  lock,  the  river,  the  harbor,  the  dock, 
the  sea-wall,  the  break-water,  the  highway,  the  aqueduct,  the  bridge, 
the  viaduct,  the  retaining  wall,  the  permanent  way  of  the  railway 
below  the  foot  of  the  rail.  He  also  has  nearly  the  whole  of  the  muni- 
cipal problem  in  streets,  sewage,  distribution  of  water;  the  location 
of  railways,  with  geodetic  and  other  surveying  are  his.  He  has  the 
foundation  of  structures  in  any  event,  but  may  have  to  share  the 
roof  and  the  skeleton  steel  frame  with  other  specializations  Tunnel- 
ing is  usually  done  by  civil  engineers,  although  it  was  originally  a  min- 
ing engineer's  prerogative. 

10  To  the  mechanical  engineer  on  the  other  hand,  belong  as 
undoubtedly,  and  as  of  right  the  problems  of  the  generation  of  power 
in  power  houses  and  power  plants,  and  its  transmission  to  the  opera- 
tive point  unless  this  latter  is  done  by  electric  means.  It  is  a  fair 
question,  however,  when  the  electrical  engineer  simply  transmits  energy 
generated  by  the  mechanical  engineer  and  utilized  in  industry  by  the 
latter  after  transmission,  whether  the  electrical  engineer  as  an  engineer 
of  transmission  is  not  for  the  time  a  mechanical  engineer.  If  the 
transmission  were  by  compressed  air  on  a  sufficient  scale,  calling  for  a 
speciaUst  in  that  field,  would  such  a  man  be  called  a  compressed-air 
engineer? 

11  It  is  also  plain  that  to  the  mechanical  engineer  belong  all 
design,  creation  and  manufacture  of  tools  and  machinery.  This 
makes  him  therefore  the  natural  administrator  or  executive  of  the 
production  processes  involving  the  use  of  machinery  in  factories  and 
mills,  and  it  is  here  that  he  finds  his  broadest  scope  and  widest  oppor- 
tunity, as  will  be  further  demonstrated  hereafter.     As  creator  of 
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inachineiy  he  will  be  a  draftsman  or  designer  of  a  producing  plant: 
as  operator  of  the  plant  considered  as  a  tool  for  production,  he  will  be 
a  general  manager  or  superintendent,  or  will  perform  these  functions 
as  owner  or  as  president,  vice-president,  agent,  secretary  or  treasurer. 
As  a  producer  of  power,  tlie  railway  will  make  the  meclianical  engineer 
their  superintendent  of  motive  power,  and  the  rail  and  joint  become 
also  responsibilities  of  his;  as  administrator  of  men  and  machinery, 
he  becomes  master  mechanic  of  the  railway  and  more  and  more  such 
engineers  are  chosen  to  be  general  superintendents.  The  automobile 
or  motor  vehicle  engineer  is  of  course  a  mechanical  engineer.  From 
his  knowledge  and  special  training  he  becomes  the  inspector  and  tester 
for  all  departments  of  mechanical  production. 

12  But  this  relation  of  engineer  of  production  borne  by  the  mechan- 
ical engineer  is  at  the  bottom  of  very  notable  developments  of  progress. 
As  the  scale  of  production  increases  with  the  aggregation  of  capital 
invested,  the  permanence  of  the  business  becomes  inseparably  bound  up 
with  the  satisfactory  quality  of  its  output.  Hence  there  grows  a 
system  of  business  in  which  the  reputation  of  the  producer  becomes 
a  factor  compelling  him  to  satisfy  the  buyer  as  respects  the  engineering 
excellence  of  his  purchase;  and  it  becomes  possible  for  the  contract 
between  the  two  to  be  based  upon  the  specifications  created  by  the 
producer  or  seller,  and  not  by  the  engineer  of  the  buyer.  This  makes 
for  cheapness  and  promptness  of  production  and  delivery,  since  stand- 
ard articles  become  possible  and  frequent.  It  is  a  system  lying  largely 
at  the  base  of  the  American  success  in  competition  in  foreign  markets, 
as  it  cUfferentiates  our  practice  from  that  of  England  for  example. 
It  points  to  a  narrowing  of  the  scope  of  the  office  of  consulting  prac- 
titioner as  compared  with  the  widening  scope  of  the  manufacturing 
engineer.  It  marks  a  broad  differentiation  between  the  civil  and  the 
mechanical  engineer,  in  that  the  former  never  or  very  rarely  attaches 
himself  to  a  producing  interest.  He  serves  a  municipaUty,  a  corpor- 
ation or  an  individual  ahvays  as  a  representative  of  their  interests  as 
a  buyer  or  user.  It  is  his  function  to  see  that  specifications  unfriendly 
in  intent  to  the  interests  of  the  seller  are  carried  out  by  the  latter. 
The  engineer  of  production  is  called  on  to  originate  his  specifications 
and  to  enforce  them  in  production,  in  order  that  the  guarantee  of 
quality  and  of  economy  in  use  may  both  be  satisfactory  to  such  user. 
The  entire  point  of  view  of  the  two  types  is  radically  diverse. 

13  This  achievement  of  the  manufacturing  or  production  engineer 
gives  significance  to  the  work  of  the  considerable  group  of  mechanical 
engineers,  who  have  been  earlier  designated  as  "co-ordinators  of  de- 
sign."   These  are  they  who  take  the  satisfactor}-  designs  or  creations  of 
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the  producing  engineer  and  combine  such  elements  into  a  unit  for  some 
industrial  purpose.  It  would  be  foolish  and  unwise  for  such  men  to 
pass  by  existing  standards  upon  the  market  and  create  special  designs 
of  their  own.  These  latter  would  not  only  be  more  costly  to  pay  for, 
but  their  delivery  would  be  slower,  and  problems  of  repair  and  replace- 
ment be  many  times  more  difficult,  costly,  and  delajang.  Their 
creative  function  as  engineers  however  is  different  from  that  of  the 
producing  engineer  proper;  yet  to  succeed  demands  the  same  faculty 
of  critical  selection  and  of  adaptation  of  means  to  ends  upon  a  basis  of 
sound  science  which  distinguishes  the  other  group.  To  them  belong 
those  engineers  of  operation  and  development  of  existing  plants, 
who  rarely  create,  but  who  skilfully  select  and  adopt  and  combine. 

14  This  economic  condition  also  has  given  rise  to  a  group  of 
engineers  properly  mechanical,  who  are  directly  and  productively 
related  to  the  producing  corporations  as  their  representatives  in 
their  seUing  organization  over  a  large  territor}'.  It  is  unfortunate 
that  these  men  of  professional  standing  and  of  engineering  qualifi- 
cation should  be  so  often  called  "Sales  Managers."  It  is  their  duty 
to  act  exactly  as  the  coordinator  of  design  does  in  his  office,  and 
secure  for  the  intending  purchaser  an  engineering  solution  for  his 
needs  which  shall  be  satisfactory  to  him.  His  value  to  the  producing 
corporation  is  inevitably  measured  by  the  number  of  contracts  which 
he  brings  them:  his  value  to  his  clients  is  measured  by  the  engineering 
value  of  the  specifications  upon  which  such  contract  is  based.  The 
mere  salesman  could  not  perform  the  duty  of  the  case,  unless  the 
buyer  were  protected  by  a  consulting  engineer.  It  is  economically 
to  be  preferred  as  above,  to  have  the  specification  emanate  from  the 
seller. 

15  And  finally,  the  group  of  engineers  of  production  must  include 
the  industrial  engineers  who  are  organizers  of  men  or  departments  or 
works  as  tools  of  production.  These  men  are  not  creators  of  visible 
machines  embodied  in  steel  or  iron,  which  perform  material  functions 
before  our  eyes.  Yet  are  they  creators  of  power  and  directors  of  forces 
under  the  fundamental  definition.  They  may  do  this  as  independent 
consulting  engineers  from  an  office  relation;  or  they  may  be  continu- 
ously emplo3'ed  for  this  purpose  by  one  producing  concern.  In 
either  case  their  successful  achievement  is  the  same  in  principle  and 
in  result  as  that  of  him  w^ho  devises  a  new  automatic  machine  by 
which  output  is  increased  and  cost  of  production  cut  dow'n. 

16  The  final  criterion  or  touch-stone  for  all  these  claims  for  the 
scope  and  function  of  the  mechanical  engineer  must  be  the  answer  and 
attitude  of  the  profession  itself.     The  American  Society  of  Mechanical 
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Engineers  exists  to  promote  tlie  Arts  and  Sciences  connected  with 
Engineering  and  Mechanical  Construction.  The  Member  must  be 
competent  to  take  responsible  charge  of  work  in  his  branch  of  engineer- 
ing as  designer  or  constructor,  or  he  must  have  served  as  a  teacher 
of  engineering.  The  Associate  must  be  competent  to  take  charge 
of  engineering  work  or  to  cooperate  with  engineers.  This  brings  in 
the  journalist,  the  patent  lawyer,  the  business  man,  the  contractor. 
The  Junior  must  be  either  an  engineering  school  graduate,  or  have 
had  such  experience  as  will  enable  him  to  fill  a  responsible  subordinate 
position  in  engineering  work.  Candidates  must  be  proposed  by  mem- 
bers of  the  Society,  supposedly  famiUar  with  its  functions  and  stand- 
ards, and  such  proposers  are  called  on  to  answer  searching  questions 
by  the  scrutinizing  Membership  Committee  of  five.  The  Committee 
on  Membership  reports  recommendations  of  qualified  persons  to  the 
Council  of  the  Society,  who  again  scrutinize  the  Ust,  and  it  is  finally 
submitted  to  the  entire  voting  membership  by  letter  ballot,  with 
privilege  of  rejection  by  a  limited  number  of  adverse  votes  on  any 
name.  Hence  it  may  be  assumed  that  the  membership  contains 
only  those  whom  the  administration  of  the  Society  and  its  active 
membership  regard  as  suitable  members  of  a  Society  of  Mechanical 
Engineers. 

17  Who  are  these  members,  and  what  are  they  doing?  The  actual 
list  of  members  enjojdng  the  privilege  of  membership  is  increasing 
month  by  month,  so  that  the  figures  for  the  autumn  of  1907  are 
correct  for  only  a  few  days.  Taking  the  membership  in  the  sum- 
mer of  1907  as  3152  and  neglecting  the  foreign  or  nonresident  member- 
ship of  175  from  the  count  and  correcting  the  remainder  for  deaths, 
a  total  is  used  for  the  present  purpose  of  2957,  in  all  grades  The 
list  has  been  then  carefully  scrutinized  and  classified  as  given  in  the 
published  catalogue  respecting  avocations.  The  grouping  for  the 
purpose  in  hand  has  been  into  the  following  classes: 

a  The  Unclassifiable:  made  up  of  members  who  have  retired, 
or  who  are  not  in  practice  or  whose  record  in  the  list  is  a 
maiUng  address  only,  and  their  sphere  of  activity  unknown 
to  the  writer;  these  are  306.  If  the  groupings  were  more 
nearly  of  a  size,  this  number  might  hold  a  balance  of  pre- 
ponderance which  would  disturb  the  later  conclusion. 
As  the  matter  stands,  however,  the  number  is  not  a  mate- 
rial factor,  since  in  all  they  number  only  10  per  cent. 

b  The  army  and  navy  engineer  11,  and  the  marine  engineer  18. 

c  The  hydraulic  engineer  12. 
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d  The  patent  attorney,  solicitor  and  expert  25.  Doubtless 
many  engineers  grouped  later  under  Office  Practitioners 
are  also  engaged  in  this  same  department. 

e  The  technical  journalist,  editor  and  contriluitor  30.  These 
men  have  a  wide  familiarity  with  engineering  matters  and 
expert  knowledge. 

/  The  mining  engineer  and  metallurgist  31.  This  includes  the 
type  following  mechanical  engineering  at  mines  or  at  the 
metal  producing  plants  other  than  steel  works.  These 
last  have  been  called  manufacturers. 

g  The  contractor  48.  He  is  a  man  who  is  a  business  man  for 
the  profit  of  the  thing,  but  who  makes  his  engineering 
knowledge,  skill  and  experience  contribute  to  his  busi- 
ness. Such  are  the  men  who  build  great  railway  termi- 
nals and  do  their  own  engineering  in  connection  with  the 
undertaking. 

h  The  testing  and  inspection  engineer  49.  He  acts  either  for 
a  producer,  or  as  a  consultant  for  the  buyer. 

i  The  operating  engineer  55.  He  is  the  man  to  whom  is 
entrusted  a  plant,  to  operate  and  bring  results  from  it. 
He  may  be  a  creator,  or  he  may  make  effective  the  crea- 
tions of  others.  He  is  in  charge  of  power  houses,  street 
railway  systems,  institutions,  factories  and  the  hke.  The 
sea  going  engineer  and  the  railway  engineer  might  be 
added  to  this  class. 

j  The  locomotive  and  railway  engineer  57.     This  is  the  motive 
power  man,   the   locomotive   designer  and  builder,   the 
railway  shop  superintendent  and  master  mechanic  and  ■ 
all  others  concerned  in  the  power  end  of  the  railway  busi- 
ness. 

k  The  electrical  engineer  65.  These  are  the  power  plant 
experts,  the  street  railway  engineers  who  are  not  power 
plant  men,  and  a  few  of  the  engineers  connected  with 
the  great  electrical  producing  companies.  Most  of  the 
latter  however  from  their  position  and  duties  will  be 
included  in  the  manufacturing  class.  That  they  are  man- 
ufacturing electrical  equipment  is  a  mere  accident  of  the 
present  demand  and  they  are  not  electricians  so  much  as 
producers. 

18     As  respects  many  of  the  foregoing  and  their  representation  in 
this  Society,  it  nuist  be  noted  that  great  numbers  will  owe  a  primary 
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allegiaiK'o  to  otlior  bodies  closely  reluted  to  tlunr  specialty.  Their 
membership  in  this  Society  is  an  extra  adherence  for  reasons  of 
greater  or  less  personal  weight. 

I  The  professor  or  teacher  of  engineering  185.  This  is  a 
large  group,  probably  larger  than  in  any  other  similar 
body,  and  for  the  reason  that  through  the  Middle  West 
the  state  college  is  very  strong  in  its  industrial  and  me- 
chanical departments,  and  its  officers  desire  touch  with 
the  work  and  personnel  of  the  producing  enterprises  of 
the  country.  Comment  or  criticism  by  such  users  of  the 
university  product  will  be  most  helpful  to  the  instructors 
of  every  grade.  ^  , . 

m  The  draftsman  and  designer  115.  r^ 

71  The  local  manager,  or  district  representative  engineer  of 
the  manufacturer  153.  j^  ".; 

0  The  shop  executive,  superintendent,  department  manager, 
assistant  superintendent  in  large  works  338. 

p  The  producer  or  manufacturer,  owner  of  the  plant,  presi- 
dent, vice-president,  or  executive  officer  of  the  corpora- 
tion, and  the  mechanical  engineer  of  such  producing 
bodies  966.  The  subdivision  of  the  last  four  groups  is 
for  the  purpose  of  showing  the  widespread  significance 
of  the  contention  of  this  paper  as  to  the  economic  signifi- 
cance of  the  mechanical  engineer;  if  all  four  were  grouped 
into  one,  they  would  include  1572  or  practically  half  of 
the  total  membership. 

q  The  last  group  is  the  office  practitioner  or  independent  con- 
sulting engineer  not  officially  or  visibly  related  to  a  pro- 
ducing enterprise,  493.  This  includes  doubtless  many 
who  might  have  been  included  in  one  of  the  other  classes 
previous  to  Class  I.  It  covers  the  coordinators  of  design, 
who  are  often  also  contractors,  probably  many  patent  men, 
hydraulic  engineers  and  local  managing  experts,  which 
if  placed  under  the  other  headings  would  still  further 
reduce  the  size  of  this  class.  The  broadened  scope  and 
opiDortunity  for  doing  great  work  which  are  presented  by 
the  large  aggregations  of  capital  in  the  producing  enter- 
prises, as  compared  with  the  difficulty  of  great  engineering 
achievement  with  httle  capital,  are  continually  attracting 
men  from  this  group  into  Class  n,  o,  and  p. 

r  Presenting  these  facts  in  tabular  summary: 
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(iruiip  Name  Numbers  Percentage 

a  The  unclassified    306 10.3 

b  The  army  and  navy 11 0.4 

and  marine 18 0.6 

c  The  hydraulic 12 0.4 

d  Patents 25 0.8 

e  Journalists 30 1.0 

/  Mining  and  metallurgy 31 1.0 

g  Engineering  contractor 48 1.6 

h  Testing  and  inspecting 49 1.6 

i  Operating  engineer 55 1.8 

/  Locomotive  and  railway 57 1.9 

k  Electrical  engineer 65 2.2 

I    Professor  and  teacher 185 6.3 

tn  Draftsman  and  designer    1151    4.0] 

n  Local  manager    153  [ 5.2l 

o  Shop  executive 338  f  1572 11.8  |  53.6 

p  The  manufacturer 966  J   32 . 6  J 

q  Office  practitioner 493 16.5 


Total 2957 100.0 

19  There  would  seem  therefore  a  good  ground  for  defending  a 
twentieth  century  Tredgold  who  should  define  or  describe  the 
mechanical  engineer  of  his  period:  "The  Mechanical  Engineer  is  one 
who  by  science  and  by  art  so  adapts  and  applies  the  physical  proper- 
ties of  matter  and  so  controls  the  forces  which  act  through  them  as  to 
serve  the  use  and  convenience  of  man  and  to  advance  his  economic 
and  material  welfare.  He  does  this  mainly  by  storing  and  liberating 
motor  energy  through  machines  and  apparatus  which  he  designs  and 
installs  and  operates  for  the  purpose  of  fostering  and  developing  the 
processes  of  industrial  production  which  use  and  require  such  power 
upon  a  large  scale." 

20  The  foregoing  discussion  draws  after  it  as  in  its  wake  a  group 
of  other  interesting  questions;  or  to  change  the  figure,  a  number  of 
open  doors  to  other  topics  appear  as  we  follow  the  guide  along  the 
corridor.  Among  these  for  example,  is  the  historical  one,  as  to  how 
the  engineer  came  to  be  the  central  figure  which  he  is  to  day.  In  the 
earliest  times  the  patriarch  with  knowledge  of  safe  and  desirable 
pasturage  for  the  flocks  was  the  central  figure;  later,  the  war-lord  was 
king;  he  in  turn  gave  way  to  monkish  priest  as  supreme  center,  and 
after  a  recrudescence  of  the  warrior  and  conqueror  we  are  now  plan- 
ning armament  and  training  men  and  scheming  policies  to  secure  peace 
which  shall  enable  the  production  engineer  to  do  his  best  work  and 
with  the  least  waste.  As  early  as  the  legend  of  King  Solomon  is  the 
claim  of  the  tool  maker,  and  the  mechanical  engineer  of  today  is  the 
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heir  of  the  functions  of  the  tool  maker  on  the  largest  scale.  Again, 
the  educational  significance  of  the  definition  is  most  important. 
Wv  have  derived  our  standards  in  the  technical  schools  from  the 
reciuircmcnts  of  tlu;  historic  Military  Acadeni}'  at  West  Point.  This 
in  turn  inherited  the  i)olicies  and  i)ractice  of  the  European  govern- 
mental schools  for  engineers.  We  have  borrowed  also  from  France 
and  Germany  directly.  Very  close  to  the  heart  of  such  standards 
Hes  the  devotion  to  the  highest  mathematics  both  as  a  discipline  for 
the  mind  and  character,  as  a  preUminary  training  for  study  in  statics 
and  dynamics,  and  as  a  means  of  separating  the  qualified  and  the 
assiduous  from  the  incompetent  and  lazy.  But  if  fifty  per  cent  or 
more  of  the  graduates  are  going  to  find  their  life  work  along  hnes  which 
make  no  call  for  extended  use  of  the  higher  mathematics;  if  by  using, 
as  the  separating  sieve  a  device  which  lets  through  many  men  of  a 
mentality  ill  adjusted  to  the  demands  of  practical  Ufe  in  production, 
and  wliich  holds  back  many  men  who  lack  facility  in  working  with 
symbols, of  ciuantity  because  they  can  better  handle  the  larger  prob- 
lems of  the  c^uantities  themselves,  then  it  is  a  fair  question  whether  the 
splendid  discipline  of  higher  mathematics  has  not  been  bought  at  too 
high  a  price?  Could  we  not  get  a  better  prepared  man  for  his  life 
work  if  the  same  discipline  and  the  same  selective  process  for  the  fit 
had  been  secured  by  more  and  better  physics  and  more  and  better 
chemistry  and  more  economics,  even  if  these  were  bought  at  the  price 
of  some  mathematics? 

21  But  my  time  and  the  occasion  demand  that  we  pass  at  once 
to  the  second  phase  of  the  thought  of  the  evening.  What  can  or  may 
the  Engineering  Society  made  up  of  Mechanical  Engineers  as  above, 
do  for  the  profession?  What  are  its  duties  and  functions?  It  is 
plain  that  these  are  in  two  directions;  its  service  to  the  members 
wdthin  it,  its  duty  to  those  outside  of  it.  Some  duties  and  service 
will  be  the  same  to  those  within  and  without:  in  others  there  will  be 
differences. 

22  Taking  up  first  the  service  to  the  members  within  it,  the 
Society  can  do  at  least  eight  things: 

First  it  serves  by  its  existence.  The  fact  that  there  is  such  a  body 
at  all  is  a  token  of  its  strength.  For  it  means  that  there  are  three 
thousand  men  and  over,  who  with  all  their  diversities  have  yet  a 
common  dependence  upon  law  and  principle,  and  who  are  pursuing 
a  common  aim.  The  courage  and  cheer  which  comes  from  association 
and  comradeship  is  a  service.  The  wave  which  buffets  and  all  but 
overturns  the  struggling  skiff  beats  fruitlessly  for  harm  against  the 
tonnage  of  the  ocean  liner.     Steadily  the  great  aggregation  plows 
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her  way  through  stresses  which  would  be  fatal  to  the  same  totals  if 
subdivided  into  units.  The  whole  has  a  strength  which  is  even  greater 
than  the  sum  of  the  strength  of  all  its  parts. 

23  This  benefit  may  be  regarded  as  one  of  the  most  widespread 
that  the  Society  offers.  It  is  independent  of  residence  location  and 
is  reaped  by  the  foreign  member  as  well  as  by  the  dweller  near  the 
centers.  In  fact  it  is  more  significant  to  the  lonely  dweller  than  to 
the  metropolitan  member.  It  remains  even  when  the  other  returns 
to  the  subscriber  to  the  Society  in  publications,  in  association  and  in 
meetings  either  lessen  or  cease.  He  may  well  keep  on  paying  dues 
(perhaps  reduced  in  amount)  after  the  value  of  papers  and  meetings 
become  no  longer  worth  while. 

24  The  value  of  this  return  is  greater  in  proportion  as  the  Society 
is  larger,  so  long  as  its  quality  is  maintained.  This  is  the  argument 
for  the  national  and  international  body  as  contrasted  with  the  local 
body  or  section.  Any  policy  or  step  which  gives  occasion  rightly 
to  charge  a  tendency  for  a  national  body  to  locaUze  is  an  invasion  of 
opportunity  and  value.  The  local  body  may  offer  some  advantages 
of  its  own.  It  does  not  offer  this  one.  A  localizing  of  an  office  organi- 
zation or  of  a  printing  contract  or  even  of  a  library  is  not  a  localizing 
of  the  Society  as  a  whole.  This  happens  when  it  narrows  its  outlook 
over  the  professional  horizon  or  its  spheres  of  influence.  But  the 
remotest  and  least  considerable  member  profits  more  from  the  exist- 
ence of  the  Society  in  this  respect  than  the  recognized  leader  or  the 
man  of  acknowledged  eminence. 

25  A  second  function  or  service  of  the  Society  is  the  offering  of  the 
right  of  association.  By  this  is  meant  more  than  the  opportunity  of 
social  intercourse  at  meetings  to  be  referred  to  later,  but  the  privilege 
of  association  in  the  larger  sense.  It  is  a  great  thing  for  a  man  to  feel 
that  his  name  appears  upon  a  list  which  has  been  signalized  by  the 
names  of  John  Ericsson  and  Chas.  H.  Haswell,  and  still  bears  those  of 
John  Fritz,  Rear-Admiral  Melville,  Thomas  Edison  and  Chas.  T. 
Porter,  John  E.  Sweet  and  George  Westinghouse.  Such  association 
makes  for  a  sense  of  distinction  and  of  pride  which  is  in  itself  a  safe- 
guard hke  the  ancient  obligation  "Noblesse  oblige."  Can  any  nobler 
human  ideal  be  set  before  a  body  of  men  associated  together  than  that 
it  should  occur  to  a  man  when  tempted  to  lower  the  standard  of  pro- 
fessional or  business  ethics  to  draw  himself  up  proudly  and  say  "My 
dear  sir,  I  absolutely  decline.  Tliere  are  (certain  tilings  no  member 
of  Tiie  Ameri(;an  Society  does."  To  do  dishonorably  is  to  bring  slianie 
and  confusion  upon  ail  his  class  and  disgrace  his  associates  upon  the 
same  roll. 
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26  P\irther  than  this,  by  reason  of  this  association,  the  triumph 
and  achievement  of  one  is  the  glory  of  all,  "  This  advance  in  science, 
in  art,  in  production,  in  management  was  made  by  my  colleague  and 
fellow  member."  This  also  stimulates  the  individual  to  do  his  own 
share  bej'ond  the  confines  of  his  narrower  or  purely  personal  interest, 
inasmuch  as  he  is  bound  by  an  esprit  de  corps  to  confer  benefits 
upon  his  associates  similar  to  those  which  he  has  himself  received. 

27  And  again  the  member  of  the  Society  is  privileged  by  his  asso- 
ciation to  feel  that  in  cities  which  are  strange  to  liim  he  has  yet  the 
right  of  fellowship  with  other  members  there  so  far  as  the  right  may 
be  wisely  exercised.  The  business  approach  is  easier;  the  road  to 
acquaintance  on  casual  meeting  is  shorter  where  both  parties  recognize 
the  standing  of  their  common  membership.  All  these  emphasize  how- 
ever but  the  more  strongly  the  necessity  for  safeguarding  the  quality 
of  the  membership,  by  the  proper  committee,  by  the  Council  and  by 
the  voting  members,  lest  abuse  of  this  so  great  a  privilege  makes  it 
necessary  that  the  best  members  should  withdraw  it. 

28  The  third  function  of  the  Society  is  that  of  furnishing  the  advan- 
tages of  a  body  corporate  in  the  profession.  These  advantages  appear 
both  among  the  common-places  of  the  legal  aspect,  and  also  from  a 
general  view  point.  The  Society  becomes  a  continuing  and  perma- 
nent body  whose  pohcy  is  unaffected  by  individual  deaths  or  removals. 
Hence  it  may  safely  be  made  a  custodian  and  trustee  of  significant 
gifts.  This  very  building  in  which  this  meeting  is  convened  belongs 
to  the  Society  and  not  to  indi^^duals.  It  is  the  Society  who  has  fur- 
nished or  is  to  furnish  one  tliird  of  the  ground  on  which  it  stands.  It 
is  the  Society  which  has  furnished  the  brains  and  the  assiduity  whose 
results  appear  in  the  details  of  its  arrangement.  If  there  had  been 
no  Society  there  would  have  been  no  building,  in  whose  splendor  and 
distinction  each  individual  is  entitled  to  feel  a  share.  The  Society 
may  therefore  be  made  a  legatee  and  beneficiary  in  wills  and  testa- 
mentary gifts.  It  can  be  entrusted  ^ith  historical  material  which 
is  so  apt  to  dissipate  in  the  hands  of  individual  inheritors. 

29  But  in  the  larger  and  general  sense  the  Society  suppHes  a  cor- 
porate unity,  in  that  as  an  organization  things  come  to  it  which  would 
not  be  given  to  individuals.  Nowhere  is  this  more  evident  than  in 
invitations  to  visit  works  or  places  which  would  not  be  opened  other- 
wise, which  has  happened  again  and  again  in  the  past.  The  Society 
as  an  organization  supplies  the  avenue  of  approach  and  contact  when 
a  body  such  as  a  governmental  department  desires  an  action  which 
shall  be  general,  and  not  that  of  a  few  persons.  This  fact  of  corporate 
action  calls  for  emphasis  of  a  principle  sometimes  difficult  to  carry 
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out  except  with  the  good-will  of  all.  It  is  that  when  the  Society  is 
the  recipient  of  special  courtesies  and  invitations  which  would  not  be 
the  privilege  of  all  individuals,  it  calls  for  withholding  of  these  privi- 
leges from  those  who  are  not  members,  but  who  are  present  at  any 
time  or  place  as  invited  guests  accompanying  members.  It  will  be 
plain  upon  a  moment's  reflection  that  such  persons  should  refrain 
from  causing  embarrassment  by  their  unintended  presence. 

30  A  fourth  function  of  the  Society  is  that  of  providing  meetings 
of  its  members  at  proper  intervals  during  the  year.  An  ideal  meeting 
would  be  one  in  which  at  least  three  elements  were  combined  in  wise 
proportions.  The  first  is  a  mental  stimulus  in  the  form  of  live  topics 
of  professional  interest  presented  as  papers  or  otherwise;  the  second  is 
the  opportunity  for  social  or  intellectual  attrition  with  other  minds 
and  temperaments  during  an  association  or  intercourse  lasting  long 
enough  for  acquaintance  to  ripen;  the  third  is  a  mental  and  physical 
stimulus  and  relaxation  of  ten.?ion  by  a  sight-seeing  which  shall  not 
be  interesting  only  for  the  empt}'  minded  or  the  uninformed.  Danger 
lies  in  any  excess  or  undue  lack  of  these  several  elements.  If  there 
are  too  many  papers  or  too  much  time  is  given  to  their  discussion, 
the  meeting  becomes  a  weariness  from  excess  of  the  mental  stress, 
It  was  a  very  good  friend  and  shrewd  observer  of  experience  w^ho 
cautioned  the  writer  in  an  early  day:  "An  audience  has  a  cUstinctly 
marked  elastic  limit  of  patience  like  a  piece  of  steel.  Strain  that 
attention  beyond  its  elastic  limit,  and  it  takes  a  permanent  set;  it  will 
hate  you  and  despise  your  best  works." 

31  On  the  other  hand,  to  have  too  few  papers  or  on  topics  of  httle 
value  and  interest,  is  to  make  a  failure  for  the  earnest  and  busy  man 
who  has  a  work  to  do  at  home  and  is  "straitened  until  it  be  accom- 
phshed."  The  Society  wants  his  presence  and  approving  attitude  of 
mind  for  the  good  he  can  do  by  being  there;  if  he  feels  it  not  worth  his 
while  to  come  because  the  meeting  isbuta  frivolitj-and  undeserving  of 
a  serious  man's  attention,  both  presence  and  approval  are  lost.  There 
must  be  a  serious  nucleus,  else  the  meeting  is  a  mere  excursion.  Too 
great  an  intellectual  appeal,  made  at  the  expense  of  the  opportunity 
for  meeting  other  engineers  for  conference,  for  exchange  of  experience, 
for  story  telUng,  is  to  invite  the  member  to  stay  at  home  and  read  the 
printed  papers  there  at  his  own  hearth.  If  he  loses  or  must  lose  the 
vivifj'ing  and  rousing  effect  of  the  spoken  word  and  the  electric  snap 
of  m.eeting  mind  to  mind,  why  not  stay  away?  Particularly  as  a  man 
grows  older  and  reaches  the  plateau  of  middle  life,  the  advantage  to 
him  of  the  renewal  of  old  acquaintance — to  which  he  clings  more  and 
more  as  his  circle  narrows — becomes  greater  and  greater.     It  is  a  safe- 
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guard  against  a  stiffening  and  stagnation.  In  this  view  the  practice 
of  the  Society  in  registering  and  even  in  labehng  all  members  in 
attendance  at  a  convention  is  not  a  whim  or  a  fad.  It  arises  from  a 
definite  desire  and  purpose  to  make  the  approach  of  unacquainted 
members  both  safe  and  sure  and  short  in  time  required  to  effect  it. 
We  cannot  all  remember  names;  to  remember  faces  is  for  some  a 
considerable  effort.  The  time  of  a  convention  is  too  short  to  waste 
any  of  it  in  indirect  or  prehminary  effort  to  know  a  man.  Introduce 
yourself  by  emblem  and  by  name,  and  enrich  your  memory  of  the 
meeting  by  what  the  other  fellows  thought  and  said.  No  home  read- 
ing of  the  best  papers  •udll  result  in  this. 

32  The  third  element  or  factor  in  a  Society  meeting  is  the  sight- 
seeing. This  must  be  a  lure  or  bait,  since  the  first  or  intellectual 
phase  is  partly  attainable  at  home,  and  few  men  are  brave  enough  to 
confess  to  the  existence  of  the  second  factor.  But  the  sight-seeing 
must  have  a  professional  or  intellectual  content  or  nucleus,  or  it  will 
not  appeal.  It  must  be  the  opportunity  to  see  or  study  new  develop- 
ment upon  its  own  ground,  or  it  must  give  a  man  a  chance  to  examine 
a  variant  upon  his  own  Une  of  work,  or  by  reason  of  its  extent  and 
magnitude  or  the  brains  or  talent  expended  on  its  execution  it  must 
at  least  appear  to  be  worth  seeing.  Otherwise  as  before  the  serious 
minded  and  the  earnest  are  not  attracted  by  it.  These  meetings  do 
not  occur  in  vacation  time,  they  are  in  the  midst  of  the  serious  busi- 
ness of  the  year.  A  meeting  some  years  ago  where  the  Society  went 
to  the  sea  shore  and  away  from  all  engineering  opportunity,  while  a 
memorable  one  professionally,  was  yet  in  the  retrospect  a  terror  to 
use  by  night  against  the  misdeeds  of  naughty  children.  On  the  other 
hand,  the  things  the  member  carries  away  in  his  memory  are  not  the 
papers  nor  discussions.  The  pleasures  lasting  in  his  recollection 
attach  to  the  things  he  saw  and  noted  and  the  people  he  met.  To 
repeat  the  shrewd  comment  of  a  gifted  member  who  had  been  chair- 
man of  the  local  committee,  and  who  was  being  complimented  on  the 
successful  visit  to  a  steel  works  of  his  city:  "The  meetings  of  the 
Society  are  Uke  a  brick  wall.  The  papers  over  which  the  Secretary 
labors  so  strenuously  are  the  bricks,  but  these  trips  and  their  oppor- 
tunities are  the  cement  which  makes  the  bricks  a  unit."  Too  few 
bricks,  a  poor  wall;  too  little  cement  or  badly  chosen  leads  to  equal 
failure. 

33  This  discussion  of  tlie  function  of  the  meetings  gives  oppor- 
tunity to  record  some  personal  convictions.  In  a  Society  which  is 
national  in  scope  and  membership,  the  selection  of  the  places  of 
meeting  should  have  some  regard  to  the  center  of  gravity  of  the 
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membership,  as  it  asserts  itself  territorially.  The  alternate  swing  of 
meetings  from  the  Atlantic  slope  to  the  Mississippi  Valley  has  much 
to  commend  it;  but  the  extreme  is  reached  or  passed  when  the  meeting 
is  so  held  that  both  the  length  of  the  railway  journey  and  the  conse- 
quent absence  from  their  posts  permit  only  a  wealthy  and  leisured  few 
to  get  away  to  attend  it.  In  other  words,  the  excursion  or  sight  see- 
ing end  here  overbalances  the  other  features  of  such  a  meeting,  and 
many  cannot  afford  it.  In  this  same  category  is  the  propositon  to 
hold  a  meeting  for  papers  and  discussion  as  a  feature  of  an  excursion 
or  during  its  progress.  The  two  elements  do  not  mix;  the  excursion 
is  spoiled  for  those  who  must  bear  the  burden  of  the  session;  the  ses- 
sion is  spoiled  because  the  most  desired  participants  are  not  there. 
The  only  excuse  will  be  when  the  excursion  is  so  long  or  so  tedious 
as  to  be  a  failure  as  an  excursion — when  it  ought  not  to  have  taken 
place  at  all. 

34  The  speaker  has  never  been  a  partisan  of  the  formal  banquet 
as  a  feature  of  a  Society  meeting.  Unless  the  Swedish  custom  pre- 
vails of  changing  seats  at  the  tables,  any  one  meets  only  those  near 
whom  he  is  seated.  Breadth  of  association  or  contact  is  prevented 
and  when  fortunate  to  be  among  a  group  of  friends,  no  advances  of 
others  are  likely;  and  if  among  strangers  or  the  uncongenial,  few  experi- 
ences are  more  dreary.  The  number  of  notable  dinner  speakers 
among  a  group  of  engineers  who  are  earnest  devotees  of  work  is  small 
in  any  case,  and  most  of  these  are  not  Ukely  to  be  present.  Dull  or 
futile  dinner  speech  is  unendurable.  If  the  dinner  is  costly  enough  to 
be  worth  while  in  itself,  there  is  barred  out  from  it  a  considerable  num- 
ber of  men  who  must  regard  the  expense  in  planning  to  attend  the  con- 
vention at  all.  Shall  the  ladies  present  at  the  meeting  be  included  or 
not?  If  included  they  blank  one  side  of  each  member  so  accom- 
panied, and  smoking  will  not  be  general.  Hence,  it  has  always  seemed 
that  another  form  of  pubUc  social  function  was  much  more  worth 
while  than  the  banquet  was  Ukely  to  be;  and  was  very  much  less 
trouble  to  arrange  for. 

35  The  presence  of  the  ladies  at  the  meetings  of  the  Society  has 
been  invited  and  encouraged  from  the  very  beginning,  not  only  as  a 
means  of  pleasure  to  themselves  and  those  who  bring  them,  but 
because  they  had  a  distinct  function  in  making  the  meetings  success- 
ful. The  woman  in  America  as  elsewhere  is  the  social  expert;  the 
busy  or  lazy  man  farms  out  to  her  the  doing  of  many  social  duties, 
in  whose  absence  the  community  would  lapse  in  manners  and  culture. 
Hence  her  presence  and  her  activities  at  a  meeting  tend  to  raise  the 
tone  much  above  that  which  would  prevail  in  a  purely  "  stag"  reunion. 
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The  man  exerts  himself  in  directions  of  social  effort  as  he  would  not 
do  in  her  absence.  Her  presence  also  is  a  restraint,  and  prevents 
things  from  happening  which  might  occur  if  the  man  were  alone. 
She  secures  for  the  man  an  access  and  an  ease  which  without  her  he 
would  lack.  Doubtless  also  the  woman  acts  to  persuade  the  busy 
member  to  bring  his  participation  to  the  meeting,  when  lacking  her 
influence  the  pressure  of  business  would  be  allowed  to  keep  him  at 
home.  His  presence  and  experience  cannot  contribute  to  the  meeting 
unless  he  is  there. 

36  The  meetings  of  the  Society  are  one  of  its  principal  opportuni- 
ties whereby  the  Society  as  such  reaches  and  impresses  the  general 
public  in  the  cities  where  it  meets.  The  professional  sessions  do  not 
wield  a  very  great  influence  in  this  respect;  but  the  other  features  of 
the  meeting  do.  Hence  it  has  been  felt  to  be  of  the  first  importance 
that  in  all  its  outward  relations  the  professional  and  scientific  sides 
of  its  purpose  should  be  strongly  emphasized,  rather  than  its  contact 
with  commercial  problems.  To  this  end,  the  prohibition  of  adver- 
tising or  pubUcity  procedure  in  its  headquarters  has  always  been 
enforced,  and  so  far  as  possible  also  in  the  hotel  corridors  and  foyer. 
If  the  commerial  instinct  for  business  were  once  allowed  a  foothold, 
the  meetings  would  become  the  arena  of  industrial  and  commercial 
rivalry,  and  their  high  character  would  disappear.  At  the  meetings 
also,  where  the  membership  comes  together  on  the  social  plane,  the 
Society  is  rather  comparable  to  a  club,  than  to  a  purely  impersonal 
professional  body.  It  offers  therefore  the  club  opportunity  for  dis- 
cussing business  or  personal  interests  and  ambitions  concerning  pur- 
chase and  sale,  which  are  entirely  legitimate  if  not  abused.  If  the 
members  do  not  desire  immunity  from  interested  partisans  of  any 
specialty,  the  Society  can  not  secure  it  for  them.  It  may  discourage 
only  the  making  of  it  inevitable. 

37  The  view  of  the  Society  as  a  club  during  its  meetings  justifies  it 
in  exercising  the  right  to  protect  itself  from  an  undesirable  member 
who  would  there  bring  it  into  disrepute  by  habits  or  behavior  in 
which  the  majority  cannot  uphold  or  defend  him.  It  may  not  be 
the  primary  business  of  a  Membership  Committee  entrusted  with  the 
consideration  of  a  man's  professional  fitness  for  membership  to  reject 
him  if  he  is  so  addicted  to  the  use  of  intoxicants  or  other  drugs  as  to  be 
likely  to  bring  discredit  on  the  Society  at  a  meeting;  the  membership 
however  will  surely  defend  such  a  Committee  when  it  seeks  to  pro- 
tect the  fair  fame  of  the  body  as  a  whole.  This  must  be  the  explana- 
tion of  the  poUcy  of  not  admitting  to  membership  candidates  who 
belong  to  a  race  with  which  the  Caucasian  does  not  socially  assimilate. 
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The  man  may  be  all  right  professionally  but  his  admission  would  be 
contrary  to  good  policy.  The  Society  has  also  the  same  right  to  pro- 
tect itself  against  any  who  are  known  to  be  prone  to  lui professional 
conduct  of  any  kind.  It  must  do  so  if  the  function  and  privilege 
of  association  earlier  discussed  is  to  have  any  meaning. 

38  This  division  of  the  subject  would  not  be  complete  without  a 
treatment  of  the  question  of  local  meetings  of  sections  of  the  Society. 
Such  sections  may  be  either  territorially  grouped,  or  by  topics  and 
common  interests.  As  provided  for  in  the  By-Laws  and  Rules  of  this 
Society  they  are  to  consist  of  elected  members  only  as  regular  members 
of  the  Section,  non  members  having  only  the  guests'  privilege  of  parti- 
cipation in  papers  and  discussions.  Members  of  sections  therefore 
derive  their  advantage  from  the  existence  of  the  national  body  and 
from  association  with  its  members  independent  of  the  local  section, 
and  the  advantages  of  the  publications,  hereafter  to  be  referred  to, 
from  the  same  fact  as  well  as  the  general  meeting  privileges.  What 
they  derive  in  addition  is  the  privilege  of  meeting  other  members  at 
shorter  intervals,  and  without  entailing  expense  for  a  journey  or  a 
difficult  absence  from  home.  But  the  very  frequency  of  the  meeting 
and  the  ease  and  absence  of  sacrifice  by  which  it  is  secured  make  for  a 
lessened  interest  in  such  meetings  after  the  first  novelty  has  worn  off 
and  the  acquaintances  have  been  formed.  The  novelty  of  the  more 
infrequent  general  meeting  is  lacking,  every  one  becomes  tired  of 
hearing  the  old  "stand  by's"  at  every  meeting;  the  supply  of  local 
material  for  discussion  dries  up,  and  what  comes  from  the  office  of  the 
national  body  does  not  happen  to  stimulate.  Then  the  section 
becomes  a  social  body  only,  and  does  not  help  the  national  body  par- 
ticularly, if  it  does  it  no  harm.  It  would  be  much  more  useful  if 
what  is  sought  by  the  section  or  local  chapter  were  sought  in  another 
way,  or  by  means  of  a  body  made  up  of  both  members  and  non- 
members,  acting  in  some  affihated  relation  with  the  national  body, 
whose  discussion  properly  therefore  falls  into  the  final  part  of  this 
paper. 

39  In  the  fifth  place,  so  long  as  the  Members,  Council  and  Member- 
ship Committee  are  sensitive  to  the  duty  respecting  the  quahty  of 
the  applicants  for  membership,  it  will  follow  that  the  fact  of  member- 
ship in  the  Society  is  a  stamp  of  quahty  of  engineering  achievement — 
a  seal  or  cachet  of  reliability  and  professional  standing.  Three  or 
five  men  proposed  this  man,  and  answered  most  searching  questions 
as  to  his  performance  and  ehgibihty.  A  Membership  Committee  of 
five  experienced  scrutineers  canvassed  the  appUcation  and  the  repHes 
of  the  backers,  and  perhaps  went  outside  to  estabUsh  the  candidate's 
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fl.-iiins  or  to  force  tlie  j)roposers  to  effective  defense  of  them.  Then 
the  Council  criticized  the  report  of  the  Committee  and  ordered  the 
man's  name  to  ballot;  and  finally  among  all  who  voted  on  his  name 
there  were  not  found  two  per  cent  who  knew  anything  against  him 
which  would  justify  his  rejection.  All  human  judgment  is  falHble, 
of  course;  but  the  successful  passage  of  such  an  ordeal  is  a  strong 
favorable  presumption  as  respects  any  man,  to  say  the  least. 

40  Now  this  stamp  of  approval  upon  every  enrolled  member  is  a 
very  precious  possession.  The  key  to  admit  to  it  is  held  by  the  voting 
membership,  and  those  who  propose  candidates.  The  Membership 
Committee  unlock  as  it  were  an  outer  door  to  the  vault,  but  they  do  no 
more  than  this.  They  do  not  admit  to  its  privileges.  Hence  the 
reciprocal  duty  of  the  members  is  made  very  plain;  if  the  Society 
has  a  function  or  service  along  this  hne,  the  individual  voter  is  obliged 
to  the  greater  scrupulousness  in  the  exercise  of  his  duty.  If  anybody 
can  get  into  The  American  Society  then  membership  in  it  will  be  httle 
prized.  If  this  separation  of  the  members  of  the  profession  into  the 
class  within  the  Society  and  the  class  without  it  be  objected  to  as  anti- 
social, aristocratic  and  undemocratic,  the  reply  would  be  that  so  also 
is  the  family.  Any  man  can  get  into  the  Society  who  has  shown 
himself  to  be  qualified  to  do  so.  His  objection  must  be  against  his 
lack  of  quaUfication  and  not  against  the  Society  which  upholds  a 
standard. 

41  The  sixth  function  of  the  Society  is  its  creation  and  mainte- 
nance of  a  Library.  It  was  not  so  long  ago  that  every  professional 
man  had  his  private  library  of  some  extent,  containing  the  books  and 
periodicals  he  specially  valued  and  used.  But  in  recent  times  the 
enormous  increase  in  the  number  of  books  required  for  any  Ubrary 
with  a  pretense  to  completeness;  the  necessity  for  rapid  expansion  if 
it  was  to  keep  pace  with  the  progress  of  the  day,  the  investment 
required  in  society  memberships  to  secure  their  publications,  and  the 
bulk  of  the  current  periodical  literature  of  the  profession  have  all 
combined  to  bring  about  a  change.  The  housing  and  the  care  of  a 
worthy  private  Ubrary  became  a  problem  practically  insoluble  for  the 
indi^ddual,  either  in  office  or  in  home.  Hence  the  opportunity  arose 
for  the  Society  Library,  doing  for  all  the  members  what  each  could 
do  for  himself  only  with  the  greatest  difficulty  or  prohibitive  expense. 
To  reduce  the  unnecessary  duplication  of  books  and  transactions  and 
periodicals  required  only  for  occasional  reference  is  a  measure  of 
evident  economy  and  advantage.. 

42  A  reference  Ubrary  which  is  not  also  a  circulating  library  can 
only  be  made  really  serviceable  to  members  who  five  near  enough  to  the 
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library  shelves  to  enable  book  and  reader  to  be  brought  together  at  the 
home  of  the  book.  It  is  one  of  the  problems  of  the  immediate  future 
to  develop  the  circulating  function  of  dupHcate  books  and  pubUcations 
in  a  practical  way,  which  shall  protect  the  interests  of  all  parties, 
enabling  the  library  to  render  the  largest  net  service.  It  would  seem 
both  narrow  and  unM'ise  to  lock  up  the  library  from  the  reach  and 
use  of  those  not  fully  qualified  for  membership,  or  not  able  to  become 
such  for  other  reasons.  The  Societ}'  therefore  permits  and  invites 
a  public  use  of  its  collections  in  addition  to  the  proprietary  use  by 
the  members.  If  such  pubUc  use  transcends  the  private  use,  then 
to  impoverish  the  shelves  by  circulation  without  duphcates  seems  too 
heavy  a  price  to  pay.  It  should  be  noted  that  the  coming  together 
of  the  libraries  of  the  three  societies  named  as  Founders  of  the  Engi- 
neering Builchng  has  not  only  more  than  trebled  the  scope  and  extent 
of  the  Hbrary  for  all  users,  but  has  opened  up  the  circulating  possi- 
bility by  bringing  an  increased  volume  of  duplicates  together. 

43  The  library  also  offers  the  possibility  through  its  staff,  of  having 
researches  made  for  members  at  a  distance,  and  extracts  made  and 
sent,  Avhich  could  not  be  done  in  a  public  library,  but  which  is  normal 
and  appropriate  in  one  Ijelonging  to  the  member  as  of  society  right. 
The  library  can  also  be  made  custodian  and  legatee  for  books  of 
value  and  usefulness  when  their  former  owner  has  no  longer  occasion 
or  convenience  to  control  them  himself  and  give  them  room  and  care. 

44  The  foregoing  services  rendered  by  the  Society  to  its  members 
are  all  in  an  imponderable  class,  and  do  not  have  a  value  which  is 
appraisable  in  legal  tender.  The  non-member  cannot  buy  them, 
however  wealthy  he  may  be.  This  makes  them  therefore  of  all  the 
functions  of  the  Society  the  six  which  are  the  most  to  be  prized. 
They  are  Uke  a  franchise,  in  that  the  benefits  which  flow  from  them  are 
not  common  to  all  members  of  the  community  but  are  conferred  by 
special  act  of  the  corporate  body.  There  comes  next  a  function  and 
benefit  which  is  extended  to  members  of  the  Society,  but  which  differs 
from  its  predecessors  in  that  it  has  also  a  material  or  appraisable  cash 
value  and  that  it  may  be  secured  also  by  non-members  for  a  price. 
It  is  the  privilege  of  the  publications  of  the  Society.  It  must  not  be 
inferred  from  the  fact  that  this  return  to  the  members  is  put  seventh 
upon  the  UvSt  that  it  is  therefore  an  inconsiderable  or  secondary  feature. 
It  is  on  the  contrary  one  of  the  most  significant  and  important,  and 
one  around  wliich  arc  grouped  many  of  the  activities  and  much  of  the 
organization  of  the  Society's  business  office.  It  is  the  item  for  which 
directly  and  intentionally  it  makes  its  largest  expenditure;  it  is  the 
element  which  conditions  very  largely  the  esteem  in  which  the  Society 
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will  be  held  by  members  within  and  observers  without.  On  the 
other  hand,  the  putting  of  six  other  elements  of  Society  worth  and 
function  before  it,  is  intended  as  an  attack  upon  an  erroneous  opinion 
held  by  some  who  have  never  had  it  attacked,  that  the  publications 
of  the  Society  are  the  only  or  the  principal  return  to  them  for  their 
dues  and  continued  membership.  When  the  volume  or  value  to 
them  of  the  Society's  annual  output  of  papers  and  discussions  fall 
off  in  their  opinion  in  any  3'ear,  this  is  an  adequate  reason  for  discon- 
tinuing their  membership.  The  existence  and  value  of  the  preceding 
factors  first  enumerated  should  be  sufficient  rejoinder  in  themselves. 

45  The  publications  of  the  Society  come  to  the  membership  in 
three  forms.  The  first  is  the  monthly  magazine  or  bulletin  which  is 
designated  Proceedings,  and  distributes  papers  to  be  read  at  a  future 
meeting,  discussions  on  papers  current  or  past,  memorial  monographs, 
book-lists  and  Society  notices  and  circular  literature.  These  replace 
the  "  Advance  Papers"  of  the  former  day,  and  so  far  as  possible  incor- 
porate the  individual  and  separate  circulars  which  used  to  be  issued. 
Some  of  the  matter  in  this  magazine  is  not  to  be  of  permanent  record, 
but  of  present  and  current  interest.  The  second  form  is  the  bound 
volume  of  papers  and  appended  discussions  with  index  and  con- 
secutive paging,  intended  to  be  the  permanent  record  for  future 
reference.  This  must  issue  of  course  after  the  regular  meetings  and 
at  an  interval  sufficient  for  the  execution  of  all  editorial  work  re- 
quired. It  need  not  contain  all  that  the  Proceedings  did  by  reason 
of  the  limitations  of  bulk  and  the  inexpediency  of  permanently  pre- 
serving everj'thing  that  every  one  said  in  all  discussions.  But  this 
book,  known  as  Transactions  is  the  monument  of  the  year's  profes- 
sional work.  The  third  form  is  the  pamphlets  "  Reprints"  from  the 
volume  of  Transactions,  being  the  excerpts  therefrom  which  contain 
an  individual  paper  and  its  discussion,  printed  from  the  same  type 
as  used  in  the  volume.  These  are  of  use  when  single  copies  of  one 
paper  are  desired  for  any  purpose,  and  a  stock  of  them  is  kept  on 
hand  to  meet  calls  from  the  future. 

46  The  publications  at  present  include  only  material  originating 
in  the  membership  for  presentation  at  meetings,  and  the  result  of  the 
activities  of  the  Meetings  Committee  in  persuading  contributions  from 
members  and  others  upon  topics  which  they  suggest.  It  has  been 
felt  for  some  time  that  these  were  unnecessary  and  undesirable  limi- 
tations to  place  upon  the  possibilities  of  usefulness  of  the  publications. 
They  would  be  of  incalculably  greater  value  and  use  if  the}'  could 
be  made  to  include  abstracts  of  papers  before  other  professional  socie- 
ties than  our  own;  reviews  of  contributions  to  technical  journaUsm, 
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book  reviews  and  contributed  material  by  non-members  on  current 
achievements,  new  work,  and  live  topics.  An  index  of  professional 
literature  in  society  proceedings  and  other  journals  would  be  of  the 
greatest  value.  In  fact  there  does  not  seem  to  be  any  reason  outside  of 
the  cost  of  making  it  so,  why  the  publications  of  the  Society  should  not 
be  placed  upon  such  a  plane  of  value  and  usefulness  that  no  engineei- 
within  or  without  the  Society  could  afford  not  to  regard  them  as  a 
cherished  possession  and  a  valuable  asset.  Here  however,  also,  as 
in  the  case  of  the  value  of  cachet  of  membership,  it  is  the  willingness 
of  the  member  to  give  of  his  time  and  service  to  the  waiting  of  papers 
and  to  the  contributing  to  the  material  for  the  publication  work  of 
the  Society  which  must  be  the  great  factor  of  success. 

47  The  eighth  and  final  function  of  the  Society  is  that  which  it  con- 
tributes through  the  personnel  and  organization  of  the  official  staff  of 
such  a  body.  The  Secretary  is  the  natural  and  proper  head  of  the 
Society  office  with  such  help  in  the  editorial,  the  correspondence,  the 
accounting  and  the  clerical  detail  of  the  work  as  the  size  of  the  Society 
and  the  volume  of  its  daily  business  make  necessary.  The  conduct  of 
the  Society  is  a  business  and  of  no  inconsiderable  magnitude.  The 
office  is  also  most  directly  concerned  in  carr}dng  on  the  detail  directed 
by  the  working  standing  committees  and  under  the  Council.  The 
degree  and  quaUty  of  the  organization  of  the  Secretary's  office  for  its 
functions  is  the  measure  of  its  usefulness  and  service.  The  American 
Society  of  Mechanical  Engineers  may  well  feel  proud  that  by  the  unsel- 
fish and  self  sacrificing  devotion  of  a  special  committee  in  which  a  past 
president  of  the  Societj^,  an  expert  in  such  matters,  was  the  leading 
spirit,  the  organization  of  its  office  is  as  nearly  a  model  of  such  an 
undertaking  as  brains  and  good  -will  can  make  it. 

48  Such  an  office  discharges  functions  to  the  membership  at  large 
and  as  a  whole,  and  also  to  individuals.  Perhaps  the  most  important 
duty  of  the  first  class  is  the  preparation  of  the  semi-annual  lists  of 
members  and  its  issue.  This  is  not  only  a  professional  directory  of  the 
highest  order,  enabling  members  to  know  in  what  specialization  every 
other  is  engaged;  but  it  is  a  channel  for  intercommunication  whereby 
any  member  may  feel  sure  of  reaching  directly  the  other  members 
if  he  so  desires.  Its  correctness  and  its  completeness  are  therefore 
the  factors  of  its  value.  This  explains  the  trouble  taken  twice  a  year 
to  ask  the  members  about  their  address  and  their  professional  engage- 
ment. The  Secretary's  office  also  reaches  every  member  for  service 
in  the  matter  of  the  candidates  for  membership,  the  voting  functions 
of  the  members  and  the  details  of  the  meetings  as  they  are  to   occur. 

49  Besides  these  public  or  universal  functions  rendered  to  all 
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enrolled  members,  the  Society  office  may  be  compared  to  a  ganglionic 
center  through  which  the  mentality  of  its  management  becomes  con- 
verted into  activity.  Without  the  organization  there  would  be  no 
organ  through  which  the  Board  of  Directors  or  Council  of  the  Society 
could  exercise  their  functions  as  Trustees.  The  existence  of  elective 
office  in  the  Society  is  made  necessary  by  existence  of  administrative 
functions  to  be  exercised.  If  there  were  no  business  there  need  be  no 
President  nor  Vice-President,  nor  Managers  to  constitute  the  Council, 
nor  need  of  choosing  such  from  among  those  whom  the  profession  is 
glad  to  honor.  If  a  distinction  attaches  to  membership  in  the  Society 
among  the  ranks  as  a  private,  how  much  more  impressive  the  cachet 
given  to  the  chosen  officers.  It  is  safe  to  say  that  office  will  never 
reach  any  save  those  who  are  without  a  blemish;  to  be  entrusted  with 
it  an  honor  to  be  coveted,  to  be  worn  modestly,  to  be  safeguarded 
jealously  from  harm  or  injury  by  error  or  misdeed  on  the  part  of  its 
wearer. 

50  The  office  staff  renders  also  individual  service  as  a  medium 
of  exchange  of  knowledge  of  men  and  of  opportunity.  Lines  of  com- 
munication and  of  acquaintance  radiate  from  it  as  a  center  to  the 
remotest  bounds  of  the  membership.  Along  these  lines  may  flow 
question  and  answer,  problem  and  information,  need  and  its  supply. 
Much  of  the  Secretary's  correspondence  is  of  this  class,  which  does 
not  fall  into  the  channels  of  routine  business  and  automatic  office 
machinery.  The  office  is  also  the  channel  through  which  from  with- 
out the  stores  of  influence  and  capacity  within  the  membership  may 
be  reached  for  the  rendering  of  ci\dc  or  national  service  either  by  the 
Society  as  a  whole  or  its  individual  members  in  particular,  on  com- 
missions on  committees  and  in  other  important  ways.  In  addition 
to  these  of  course  are  the  unclassifiable  services  which  are  personal  and 
individual. 

51  Is  the  privilege  of  service  and  of  function  all  on  one  side,  or 
has  the  Society  the  right  to  ask  from  its  members  a  reciprocal  duty 
to  itself?  The  latter,  no  doubt.  It  is  the  duty  of  the  individual 
member  and  his  privilege  to  make  at  least  the  following  effort: 

a  That  no  fancied  advancement  of  his  personal  interests  by  a 
member  should  lead  to  anj^  act  or  practice  which  "will  stain 
his  character  and  injure  his  fair  fame.  If  membership 
and  its  asssociation  carries  distinction  when  its  members 
are  distinguished,  so  the  same  force  carries  disgrace  to  all 
with  the  disgrace  of  the  individual.  It  is  for  this  reason 
that  the  Society  for  its  own  protection  must  have  a  means 
of  ridding  itself  of  a  source  of  defilement  through  the  im- 
professional  behavior  of  any. 
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b  The  individual  member  should  seek  to  build  up  the  Society 
in    professional  and    numerical    strength.     The   quality 
must  be  kept  up  for  the  sake  of  the  elements  advanced 
earl}^  in  the  argument,  but  influence  goes  with  numbers  of 
the  right  sort,  and  opportunity  for  wider  service  follows 
with  the  increased  income  on  the  one  hand,  and  from  in- 
creased scope  of  interests  on  the  other.     The  Society  has 
barely  begun  to  draw  from  the  great  reservoirs  of  profes- 
sional  activity  throughout   the   busy  industrial  centers 
of  the  United  States;  the  world  is  ours  also. 
c  The  individual  member  should  build  up  the  activities  of  the 
Society  as  respects  its  papers  and  discussions.     This  calls 
both  for  personal  effort  in  contributing  himself  from  his 
own  experience  and  work,  and  for  the  interesting  of  his 
neighbor  also  to  do  the  same  thing.     If  the  dream  of 
making  our  pubUshed  Proceedings  and  Transactions  a  pro- 
fessional necessity  to  every  engineer  is  ever  to  be  fully 
realized,  it  must  be  when  from  all  over  the  flow  of  knowl- 
edge, data,  skill  and  experience  into  the  Society's  chan- 
nels is  deep,  full  and  never  failing.     What  it  will  mean  to 
the  Society  if  these  ideals  are  made  realities,  it  is  beyond 
the    clearest   and    most   hopeful    vision    to    pierce    and 
prophesy. 
52     Consideration  must  now  pass  to  the  final  topic  under  review, 
which  is  the  possible  function  of  the  Society  to  the  profession  who  are 
not  enrolled  in  its  membership.     If  the  foregoing  argument  has  been 
conclusive,  it  is  plain  that  such  service  or  functions  should  be  dis- 
charged mthout  a  prejudice  to  the  interests  of  the  membership  itself. 
There  are  two  extremes  of  view  and  opinion.     The  one  is  the  aristo- 
cratic idea,  that  the  Society  exists  exclusively  for  the  advantage  of  the 
members.     This  in  a  modified  form  may  be  called  the  EngUsh  idea, 
and  is  natural  where  passage  from  class  to  class  is  not  easy  by  reason 
of  their  quite  definite  stratification.     This  j^ian  would  have  the  privi- 
lege of  membership  narrowly  restricted,  open  only  to  proved  and  dis- 
tinguished aljility,  and  therefore  to  somewhat  advanced  years  in  the 
majority  of  cases.     The  other  extreme  is' the  communistic  view  profes- 
sionally, that  all  adherents  or  practitioners  of  engineering  are  equally 
eUgible,  regardless  of  professional  achievement  or  training.     All  draw 
equally  from  the  common  fund  of  professional  advantage  from  mem- 
bersliip;  but  of  course  there  are  no  private  fortunes  of  distinguished 
advantage,  and  no  one  draws  as  much  in  the  larger  community  from 
an  equal  fund  as  he  does  in  the  former  case.     This  again  in  a  modified 
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form  from  the  extreme  may  be  called  the  German  idea.  The  Ameri- 
can does  not  fancy  either  extreme;  but  between  them  is  room  for  a 
large  diversity  in  the  middle  space.  It  was  proposed  in  this  Society 
(1SS9-1890)  to  create  such  an  aristocracy.  It  has  been  urged  (1902- 
1904)  to  so  multiply  the  feature  of  sections  of  the  Society  as  to 
approach  to  the  more  communistic  or  continental  idea.  The  safe 
course  is  between  these  extremes.  In  the  British  aristocratic  atmos- 
phere, membership  in  the  Institution  carries  with  it  a  distinction 
which  is  recognizable;  the  advantages  of  membership  in  the  German 
\'erein  of  Engineers  are  on  quite  a  different  plane.  Is  a  policy  or 
plan  possible  which  shall  secure  the  advantages  of  both?  The  writer 
believes  it  is. 

53  A  membership  which  is  ill-assorted  and  non-homogeneous  will 
not  be  a  strong  one  regarded  as  a  unit.  The  differences  in  education, 
in  extent  and  quality  of  experience  in  culture  and  social  equality  as 
the  former  factors  affect  this,  would  seriously  interfere  with  the  success 
and  unity  of  the  meetings.  Unwieldy  size  of  meetings  restricts  the 
number  of  cities  available  for  such  meetings,  and  shuts  out  many 
places  altogether  for  lack  of  hotel  and  housing  accommodations. 
To  extend  therefore  the  privileges  of  the  first  five  functions  of  asso- 
ciation due  to  its  existence,  to  the  inferring  of  distinction,  of  meet- 
ings and  of  corporate  unity  either  cannot  be  brought  about  at  all  to 
those  not  eUgible  under  the  present  wise  standards,  or  else  would 
become  theirs  at  a  price  so  great  by  reason  of  the  debasement  of  the 
coinage  in  which  their  value  is  reckoned,  that  it  ought  to  be  paid. 
Xo  such  restriction  holds  however  with  respect  to  local  meetings  which 
may  include  members,  to  the  hbrary,  to  the  publications  and  to  the 
office  organization  of  the  Society. 

54  The  extending  of  the  library  function  has  already  been  referred 
to,  when  it  was  made  a  free  public  reference  library.  It  is  now  open 
to  free  consultation  by  non-members  as  well  as  by  members,  the  only 
present  cUfference  being  that  members  are  permitted  access  to  shelves 
and  alcoves  directly,  while  others  must  work  through  the  librarian 
and  his  staff  in  a  general  reading  room.  As  the  Hbrary  grows  in 
usefulness  and  in  the  members  who  use  it,  it  will  doubtless  happen  that 
the  system  of  management  will  have  to  become  identical  for  both 
groups,  and  the  non-members'  privileges  be  the  same  as  those  of  the 
member.  The  same  conditions — mainly  financial — which  will  permit 
the  addition  of  the  circulating  feature  of  the  books  among  members, 
will  also  permit  a  similar  although  perhaps  a  more  restricted  circula- 
tion among  the  engineering  public  who  are  not  members.  This  use- 
fulness therefore  would  seem  to  be  provided  for. 
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55  The  usefulness  of  the  office  organization  under  its  present  com- 
pleteness and  elasticity  would  seem  to  be  limitable  only  by  the  demand, 
made  upon  it,  the  room  for  its  accommodation,  and  the  cost  of  its 
compensation.  If  extensions  of  its  functions  are  accompanied  with 
a  proportionate  return  in  income,  the  possibilities  of  this  function 
would  seem  to  be  provided  for  as  widely  as  use  can  be  found  for  it. 

56  The  publications  of  the  Society  ai-e  available  to  non-members 
by  subscription  and  by  purchase.  The  cost  of  composition,  illustra- 
tion and  editorial  revision  is  incurred  for  the  first  copy  of  any  paper, 
and  all  contracts  and  systematization  are  provided  for  the  first  paper 
secured  and  issued.  After  that  it  is  merely  the  paper,  press-work  and 
distribution  expenses  which  have  to  be  met,  which  are  the  least  in 
amount  and  vary  directly  or  in  a  diminishing  ratio  with  the  number 
of  copies  made.  Hence  all  that  is  necessary  here  is  to  create  the 
demand  by  making  the  Proceedings  and  Transactions  so  valuable  and 
so  comprehensive  that  no  member  of  the  profession,  member  or  non- 
member,  can  afford  to  be  without  them  on  his  desk  or  in  his  reference 
library;  and  the  result  is  won.  This  also  would  seem  a  result  and  a 
function  for  which  all  preliminary  steps  had  already  been  taken. 
What  remains  is  to  do  it. 

57  This  leads  up  to  the  final  functions  of  the  Society,  with  the 
urging  of  which  this  paper  will  have  accomplished  its  ultimate 
purpose.  It  is  that  the  Society  should  foster  and  cause  the  growth  of 
other  organizations  or  societies  or  clubs,  speciaUzetl  either  by  their 
location  in  city  or  cUstrict  or  state,  or  by  their  particular  line  of  study 
and  pursuits.  Such  bodies  should  be  entirely  autonomous  as  respects 
their  officers  and  procedure  and  rules  and  financial  support.  Their 
memljership  should  include  both  members  of  this  Society  and  other 
engineers,  the  latter  eml;)racing  both  those  who  are  eligible  to  member- 
ship in  this  Society,  but  having  a  prior  allegiance  to  some  other 
Society  or  do  not  as  yet  want  to  join  any  such  organization,  and  those 
who  by  training  or  experience  are  not  yet  eligible  to  an}'  existing 

national  society.      Such  bodies  should  be  known  as:    "The  ■ 

Society  of  Engineers,"  or  some  equivalent  name,  the  blank  being  filled 
by  the  name  of  the  place  where  they  prefer  to  meet,  and  the  full  desig- 
nation to  be   "The Society  of  Engineers  AffiUated  with  The 

American  Society  of  Mechanical  Engineers."  The  emphasis  is  to  lie 
upon  the  fact  and  relation  implied  under  the  word  "  Aflfiliated."  The 
members  of  the  local  or  specialized  body  would  not  be  members  of  The 
American  Society  and  would  not  or  should  not  call  themselves  so. 
They  are  members  of  their  own  society.  Their  autonomy  and  self  sup- 
port secures  for  them  the  dignity  and  responsibility  attaching  to  tlieir 
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own  control.  Their  errors  of  judgment  or  policy  would  not  complicate 
the  national  body  nor  introduce  political  problems  into  the  latter 
of  a  sectional  or  factional  sort.  They  are  and  would  continue  to  be 
local  societies,  or  national  ones  with  a  specialized  outlook.  Now 
what  will  be  the  basis  of  the  word  "Affiliated"? 

58  The  American  Society  of  Mechanical  Engineers  shall  covenant 
to  supply  every  member  of  such  affiliated  body  each  month  with  a 
copy  of  its  monthly  magazine  containing  its  Proceedings,  and  such 
additional  copies  as  can  be  advantageously  used  either  free,  or  much 
below  cost,  according  to  the  size  of  the  local  body.  The  papers  and 
discussions  in  these  Proceedings  shall  be  the  topics  of  discussion  at 
such  meetings  of  the  local  and  special  body  as  may  be  held,  but  by  no 
means  to  the  exclusion  of  papers  on  topics  originating  in  the  local 
membership  which  will  be  welcomed  in  addition.  The  American 
Society  of  Mechanical  Engineers  shall  furnish  or  pay  for  a  stenographer 
to  report  and  typewrite  the  papers  and  discussions  of  the  local  meet- 
ing, and  shall  pay  in  whole  or  in  part  for  the  rental  of  the  hall  in 
which  such  professional  papers  and  discussions  shall  be  presented. 
In  return  for  this,  the  local  shall  send  a  full  typewriten  report  of  its 
professional  sessions  to  the  Secretary  of  The  American  Society,  which 
latter  shall  submit  these  to  the  Meetings  and  Pubhcation  Committees 
of  the  national  body,  with  a  view  to  the  exercise  of  their  right  to 
pubhsh  in  the  Proceedings  and  Transactions  such  contributions  as  are 
judged  of  value.  If  the  local  desires  to  publish  for  itself  material 
not  available  for  the  use  of  the  larger  body,  it  could  do  so  through  the 
advantageous  large  printing  contracts  and  the  editorial  staff  of  the 
large  body  at  much  less  expense  to  itself  than  if  it  tried  to  do  the  same 
thing  by  itself. 

59  Among  the  arguments  for  this  plan  are : 

For  The  American  Society  of  Mechanical  Engineers; 

a  A  greatly  increased  scope  of  usefulness  and  influence, 
extending  far  beyond  the  limits  of  its  enrolled  membership, 
and  limited  only  by  the  horizon  of  interest  in  the  under- 
taking. 

h  The  creation  and  multiphcation  of  sources  and  centers  from 
which  material  will  be  procurable  to  enrich  its  publica- 
tions. 

c  Thereby  a  greatly  increased  value  and  demand  for  these 
publications:  from  the  increased  demand  an  increased 
income,  and  attendant  increase  in  the  value  of  the  pub- 
lications in  a  continuing  ratio. 

d  An  increased  appreciation  of  the  Society  and  its  work, 
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leading  to  an  extended  desire  on  the  part  of  those  engil)le 
to  join  the  national  body,  enhancing  for  the  latter  the 
significance  of  the  first  series  of  its  functions  referred  to 
in  this  paper  which  increase  with  the  character  and  num- 
ber of  the  members. 

e  The  American  Society  attains  these  objects  without  lowering 
the  professional  standard  of  membership,  without  admit- 
ting even  to  quasi  or  implied  membership  persons  who  are 
not  eligible  through  the  regular  channels.  It  avoids  any 
financial  or  other  obUgation  for  the  local,  as  would  be  the 
case  if  the  latter  were  called  a  chapter  or  section  of  the 
larger  body.  It  pays  only  for  what  is  of  value  to  it, 
which  is  the  supply  of  professional  hterature;  and  where 
the  local  held  no  meetings  nor  sent  any  papers  there 
would  be  no  expense.  The  price  which  The  American 
Society  would  pay  is  the  increased  cost  of  its  operating 
account  and  publications,  but  this  would  seem  likely  to  be 
more  than  returned  to  it,  if  not  in  cash  directly,  yet  in 
other  values.  Probably  also  in  cash. 
60     For  the  local  or  specialized  body  would  be  secured: 

a  The  prestige  of  affiliation  with  the  larger  body;  doubtless 
therewith  certain  privileges  of  courtesy  for  the  members 
of  the  local  when  a  convention  was  in  their  vicinity,  and 
certainly  the  courtesies  of  the  building  in  New  York  city 
for  such  affiUates. 

h  A  wide,  certain,  and  cheap  supply  of  invaluable  professional 
literature,  topics  for  their  meetings  when  their  own  supply 
failed. 

c  The  reduction  of  unavoidable  expenses  attaching  to  a  local 
meeting  for  papers  and  discussion  to  a  mimimum  even  to 
nothing  if  so  desired.  This  value  for  the  minimum  would 
I^robably  not  be  desired  by  most  locals,  but  the  dues  pre- 
vailing in  that  local  would  be  small  and  would  be  mainly 
devotable  to  their  own  interests. 

d  TJie  maintenance  of  the  standard  in  the  local  to  a  plane  of 
creditable  achievement.  The  continuance  of  the  local 
could  be  conditioned  upon  an  earnestness  of  devotion  to 
it  which  should  be  worth  while. 

e  The  local  would  be  entirely  self-governing,  with  its  own 
officers  and  control  in  every  respect.  Its  own  officers  would 
command  the  dignity  which  alone  makes  the  burden  of 
office  worth  while,  and  the  local  is  responsible  itself  alone 
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for  its  success  or  failure  by  reason  of  the  effort  put  forth 

by  those  interested. 

/  The  local  by  operating  its  business  detail  through  the  office  of 

the  national  society  obtains  the  pecuniary  advantage  of 

the  larger  scale  of  business  in  The  American  Society  and 

the  service  and  cooperation  of  its  trained  experts.     Their 

accounting  and  purchases,  as  well  as  their  printing,  could 

be  done  for  them  at  much  better  advantage  in  the  large 

office.     If  accounting  and   addressing  of  envelopes  and 

circidars  were  done  at  The  American  Society  office,  the 

office  expense  of  the  local  would  disappear,  and  the  cost 

of  the  former  could  be  taken  care  of  in  its  appropriation 

to  the  latter. 

61     Of  course  the  financial  responsibility  of  The  American  Society 

would  have  to  be  safeguarded  by  limiting  the  appropriations  for  the 

locals  both  in  period  and  in  amount,  and  making  them  conditioned 

upon  a  return  from  the  local  satisfactory  both  in  quantity  and  quality. 

02     The  word  "local"  has  been  used  in  the  foregoing  as  descriptive 

of  the  affiUated  body,  inasmuch  as  usually  such  a  Society  will  be  made 

up  of  those  residing  in  or  near  a  city  or  town.     There  is  nothing  in  the 

plan  however  to  preclude  an  organization  already  existing  and  made 

up  of  speciaU.sts  in  any  line,  from  asking  affiliation  with  The  American 

Society  under  its  provisions.     The  body  may  now  be  national,  and 

having  for  its  special  topic  of  discussion  the  engineering  of  the  motor 

vehicle,  or  that  of  the  production  of  artificial  cold,  or  certain  sanitary 

problems  with  a  mechanical  outlook.     They  would  benefit  by  such 

affiliation  and  they  would  at  the  same  time  strengthen  The  American 

Society  of  Mechanical  Engineers,  and  sacrifice  nothing  themselves. 

63  The  writer  therefore  as  he  lays  down  his  official  insignia  of 
service  after  these  many  years,  leaves  the  foregoing  suggestions  for 
the  elaboration  of  his  successors.  All  the  organic  change  which 
would  be  necessary  would  be  the  creation  of  a  Standing  Committee 
on  Affiliated  Societies  with  the  required  By  Laws  for  its  guidance, 
on  the  same  footing  as  the  Research  Meetings,  Publication  and 
Library  Committee,  now  in  existence.  The  rest  the  Council  may 
provide  for  b}^  resolutions  and  standards  in  the  Secretary's  office. 

64  If  these  ideals  and  possibilities  shall  prove  to  be  practicable 
and  realized,  the  opening  of  the  new  Engineering  Building  and  the 
twentieth  century  will  mark  the  beginning  of  an  era  of  progress  of 
prosperity,  of  splendid  usefulness  and  brilliant  achievement  which 
will  give  to  the  Society  position  and  recognition  which  has  never  been 
dreamed  of  before. 
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GEOLOGICAL    RETROSPECTION 

It  has  been  estimated  by  Liebig  that  the  quantity  of  dry  organic 
matter  which  is  produced  by  ope  hectar  of  farm  land,  or  meadow,  or 
forest,  in  middle  Europe,  is  approximately  the  same,  namely,  2.5  tons 
per  annum.  The  output  varies  according  to  cUmatic  conditions 
and  geographical  location,  being  larger  in  the  tropics  and  smaller  in 
the  arctics  and  in  the  desert  regions.  Of  these  organic  substances, 
which  consist  chiefly  of  cellulose  (CgHioO^),  40  per  cent  is  carbon,  so 
that,  theoretically,  the  total  annual  coal  production  from  vegetable 
materials  amounts  to  13  000  million  tons,  which  is  not  quite  fifteen 
times  the  quantity  of  coal  actually  consumed  in  the  world's  indus- 
tries. 

2  The  assimilation  of  vegetable  matter,  or  the  formation  of  hydro- 
carbons, is  accompanied  by  an  absorption  of  carbon  dioxide  COj,  from 
the  air,  while  oxygen  O2,  is  liberated.  If  all  plants  were  to  accumu- 
late their  solar  energy  in  the  form  of  coal  our  atmosphere  would  soon 
be  deprived  of  its  CO2  contents,  since  about  one-fiftieth  of  the  total 
amount  is  thus  required.  So  nature  has  provided  that  only  a  frac- 
tion of  one  per  cent  of  the  theoretical  coal  formation  is  actually  reserved 
in  the  form  of  peat,  lignite,  bituminous  coal,  anthracite,  oil  and 
natural  gas  for  the  benefit  of  mankind.  The  rest  emanates  through 
natural  deterioration  in  the  form  of  gas  and  reenters  the  cosmic  cycle 
as  carbon  dioxide. 

3  In  contrast  to  this  continuous  process  of  slow  combustion 
stands  the  exploiting  of  the  world's  fuel  materials  for  men's  domestic 
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and  public  utilities  and  comforts.  The  kinetic  energy  of  coal  which 
the  quiet  evolution  of  centuries  has  gradually  stored  up  in  the  sedi- 
mentary layers  of  the  earth's  crust,  is  squandered  lavishly  day  by  day 
at  an  increasing  rate  of  consumption,  and  hardly  5  per  cent  of  its  total 
calorific  value  is  regained  as  heat,  or  light,  or  power.  One  thousand 
million  tons  of  coal,  and  more,  which  are  thus  used  in  the  world's 
industrial  pursuits  per  annum,  return  to  the  atmosphere  l/600th  part 
of  their  COj  contents  in  the  form  of  exhaust  products,  and  exercise  an 
influence  on  the  temperature  conditions  of  the  earth  far  greater  than 
is  usually  suspected. 

4  The  same  oxygen  that  was  formed  as  a  by-product  of  the  assimi- 
lation of  plants  millenniums  ago  is  now  extracted  from  the  atmos- 
phere in  order  to  support  combustion  of  the  carbonized  products  in 
boilers,  furnaces  and  gas  generators.  Its  total  quantity  corresponds 
approximately  to  the  weight  of  fossil  coal  which  is  accumulated  in 
the  sedimentary  strata.  Atmospheric  nitrogen,  N,  the  third  element 
of  importance,  owing  to  its  chemical  inertia,  has  very  likely  remained 
unchanged  in  the  course  of  time. 


ECONOMIC    ASPECTS 

5  The  question  whether  an  exhaustion  of  what  we  have  termed 
our  irreplaceable  fuel  resources  is  a  danger  for  the  life  and  prosperity 
of  future  generations,  can  only  be  discussed  on  the  basis  of  theoretical 
prognostications  and  speculative  arguments.  The  other  question, 
whether  for  the  benefit  of  present  activities  it  is  wise  to  economize  in 
the  methods  of  utilization  of  these  resources,  cannot  be  answered 
but  in  the  affirmative. 

6  That  individual,  or  company,  or  nation  will  be  superior,  commer- 
cially, to  others  which  can  get  the  most  efficient  service  from  the 
cheapest  reliable  source  of  labor,  whether  manual  or  mechanical. 
Never  is  superior  talent  engaged  for  low  class  work,  if  there  is  an 
alternative  available  to  get  adequate  help  at  low  prices.  Likewise 
it  is  but  a  matter  of  political  prudence  for  a  nation  to  exploit  the  low 
grade  fuel  materials  of  the  country,  such  as  peat,  dust  coals  and  refuse, 
if  they  can  be  used  for  the  generation  of  heat,  light  and  power,  instead 
of  wasting  anthracite  and  coke,  and  to  reserve  the  latter  coals  for  more 
profitable  and  important  uses  in  the  metallurgical  and  other  indus- 
tries. An  efficient  utilization  of  coal,  generally  speaking,  tends 
toward  the  preservation  of  national  values,  making  a  country  self 
supporting  and  independent  on  the  world's  markets.     It  also  aids 
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tlie  prevention  of  hygienic  abuses  which,  if  not  amended,  are  apt 
prematurely  to  weaken  the  earning  capacity  and  the  industrial  activ- 
ity of  a  nation. 

7  The  conservation  of  the  higher  grades  and  the  utilization  of  the 
inferior  classes  of  coal  has  still  another  aspect  to  it,  namely,  that  of 
industrial  expansion  over  territories  which  were  hitherto  unde- 
veloped and  of  no  direct  value  to  their  owners.  All  industries  depend 
for  their  existence  on  the  availability  of  some  form  of  energy.  Nor 
is  water  power,  which  with  proper  utilization  can  now  be  had  almost 
everywhere  in  the  world,  always  the  agent  best  suited  for  certain 
purposes.  Thus  iron  and  steel  works  depend  on  the  continuous 
supply  of  high  grade  fuels  such  as  anthracite,  coke  and  charcoal  for 
the  stability  of  their  production.  Where  these  are  not  available  the 
richest  ore  reserves  are  practically  worthless.  Either  the  fuel  must 
be  transported  to  the  ore  or  the  ore  to  the  fuel. 

8  But  transportation  itself,  whether  using  steam  or  electricity 
or  gas  as  motive  power,  depends  largely  on  the  availability  of  coal  to 
support  it,  and  the  cheaper  the  fuel  can  be  supplied  the  better  for 
the  railroads,  for  the  industries  and  for  all  concerned.  In  those  cases, 
and  there  are  not  few,  where  conditions  of  service  have  grown  beyond 
the  capacity  of  steam  locomotives,  and  where  electrification  of  trunk 
lines  connecting  great  centers  of  population  and  industry  is  becoming 
an  economic  necessity,  there  the  large  interest  on  the  initial  capital 
outlay  for  the  new  equipment  must  be  offset  by  a  saving  in  fuel  cost, 
which  is  by  far  the  largest  single  item  of  operating  expense. 

9  So  from  whatever  point  of  view  we  look  at  the  problem,  it 
remains  a  matter  of  the  greatest  economic  importance  to  find  methods 
and  means  for  utilizing  the  enormous  stretches  of  lignite  and  peat 
lands,  especially  those  located  in  the  neighborhood  of  large  undevel- 
oped bodies  of  rich  ore  which  abound  in  remote  districts  of  the  United 
States  and  elsewhere,  and,  either  to  transform  the  raw  coals  into  some 
form  of  available  energy  which  can  be  transmitted  over  long  distances 
at  reasonable  cost,  or  to  refine  the  low  grade  fuels  into  superior  protl- 
ucts  such  as  brickets,  or  coke,  or  chemicals,  that  they  may  serve  as  a 
basis  for  other  industries  to  grow  upon  and  to  prosper.  The  question 
which  remains  to  be  settled  then  is  not  whether  we  should  use  the 
inferior  classes  of  coal,  but  how  we  can  use  them  most  efficiently. 

10  The  effect  in  a  country  like  the  United  States  of  an  enormous 
wealth  of  natural  resources  and  of  an  extensive  inland  market  which 
is  protected  against  foreign  competition  by  high  tariff  rates  is,  natur- 
ally, to  advance  the  formation  of  great  trust-like  combines,  to  pro- 
mote large  scale  production  and  to  favor  the  standardization  of  man- 
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ufacturing  methods,  which  in  turn  bring  large  remunerative  returns 
to  a  few  favored  individuals,  resulting  in  a  rapid  accumulation  of  capi- 
tal such  as  is,  admittedly,  unparalleled  in  the  world. ^  But,  at  the 
same  time,  an  ample  supply  and  an  ease  of  disposal  of  raw  materials 
and  finished  goods  are  apt  somewhat  to  diminish  the  individual  and 
cooperative  endeavor  of  industrial  circles  toward  the  attainment  of 
economic  excellence  in  the  utilization  of  inferior  products  and  of  such 
as  promise  no  immediate  large  returns  on  the  capital  invested  for  their 
exploitation.  On  the  other  hand,  scarcity  of  supply  and  the  necessity 
to  face  competition  and  the  urgency  to  conquer  markets  at  home 
and  abroad,  will  justify  and  promote  every  legitimate  effort  on  the 
part  of  manufacturers  and  consumers,  aided  by  a  judicious  adminis- 
tration, to  procure  the  best  service  from  the  lowest  grade  of  suffi- 
ciency. 

11  It  is  evident,  therefore,  in  some  smaller  European  countries, 
for  instance  in  Germany,  where  we  are  supporting  over  sixty  million 
active  people  on  a  territory  four-fifths  the  size  of  Texas,  and  where 
the  available  fuel  resources,  especially  the  high  grade  ones,  are  quite 
inadequate  to  meet  the  demand,  that  the  art  of  utilizing  inferior 
classes  of  coal,  or  oil,  or  refuse  must  have  been  cultivated  to  a  higher 
degree  than  anywhere  else.  Thus  the  very  poverty  of  a  country 
becomes  ultimately  a  source  of  income  to  its  inhabitants  by  stimu- 
lating the  manufacture  and  the  sale  of  highly  efficient  apparatus, 
machinery  and  processes,  and  even  of  skilled  talent,  to  foreign  people 
and  markets. 

12  Hence  it  seems  reasonable  to  conclude  further — with  due  con- 
sideration in  the  different  countries  of  the  geographical,  economical 
and  governmental  differences  and  of  the  differing  industrial  policies 
— that  the  evolution  of  that  branch  of  industry  with  which  we  are 
here  concerned  will  take,  in  the  large  and  scarcely  populated  countries, 
a  course  similar  to  the  development  it  has  taken  in  those  that  have 
to  support  the  largest  number  of  people  per  square  mile  of  area. 

13  With  these  and  other  considerations  in  mind  it  would  seem  a 
very  wise  policy  of  President  Roosevelt's  administration  to  aim 
toward  preventing  the  passing  of  the  coal  lands  of  the  United  States 
into  private  ownership  and  the  control  of  corporations.^     Of  the 

'  It  is  interesting  to  observe  that  25  per  cent  of  the  business  wealth  of  America 
is  now  under  corporate  control,  and  that  seven  eightlis  of  the  country's  wealth, 
seven   luindred   billions,  is  owned  by  less   than  one  per  cent  of  the  population. 

^  It  is  estimated  that  already  about  one-half  the  total  area  of  high  grade  coal 
lands  in  the  West  is  under  private  control.  Only  .30  000  000  acres  are  left  for 
the  Administration  to  take  action  upon. 
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advantages  claimed  for  the  proposed  leasing  system  there  are  three 
that  bear  closely  on  the  subject  with  which  this  paper  is  purported 
to  deal:  (1)  Government  control  will  prevent  waste  in  the  extrac- 
tion and  handling  of  fuels.  (2)  It  will  permit  the  Government  to 
reserve  from  general  use  fuels  especially  suitable  for  metallurgical  and 
other  special  industries.  (3)  It  will  enable  the  Government  to  pro- 
tect the  public_against  unreasonable  and  discriminating  charges  for 
fuel  supplies." 

TECHNICAL   CONSIDERATIONS  ^ 

14  Turning  to  the  technical  aspects  of  the  problem,  it  is  oppor- 
tune first  to  get  a  clear  idea  of  the  meaning  or  the  signification  of  the 
term  low  grade  coal.  What  does  it  imply?  There  is  no  standard  of 
designation  to  refer  to  and  none  to  establish.  We  cannot  graduate 
the  place  allotted  to  each  fuel  by  its  relative  heat  value,  nor  can  we 
fix  its  rank  in  the  scale  according  to  the  measure  of  volatiles  con- 
tained. The  transvaluation  of  by-product  values — to  adopt  an 
expression  of  Kant's — that  is,  the  constant  change  in  the  appraising  of, 
or  in  the  amount  of  returns  realized  from  the  sale  of  chemical  and 
other  by  products  which  are  gained  from  the  various  coals,  and  the 
constant  improvements  made  in  the  refining  and  briquetting  of  raw 
materials,  make  it  impossible  to  define  clearly  the  limits  below  which 
a  coal  becomes  inferior. 

15  If,  owing  to  their  low  carbon,  high  moisture  and  high  ash  con- 
tents, we  speak  of  lignites  and  peats  as  of  low  grade  coals,  we  are  fol- 
lowing traditional  customs  rather  than  plain  facts  based  on  recent  de- 
velopments. Likewise  there  are  conditions  under  which  the  smaller 
screenings  or  sizes  of  a  high  class  lean  coal  may  rank  equal  or  lower 
in  monetary  value — for  instance  coke-dust  and  anthracite-dust  which 
sell  at  about  one -tenth  of  the  price  that  corresponds  to  their  heat 
value — than  the  fuels  quoted  above.  It  is  only  refuse  such  as  culm 
banks  and  other  waste,  which  are  obtained  in  very  large  quantities 
in  coal  mining  pursuits  and  which  hitherto  escaped  utilization  entirely 
owing  to  their  excessive  ash  contents  (up  to  65  per  cent),  that  we 
can  rightly  speak  of  as  low  grade  coals,  since  both  their  contents  of 
fixed  carbon  and  of  volatile  hydro-carbons  is  small. 

EFFECT    OF    ASH,    MOISTURE    AND    VOLATILES 

16  Generally  speaking,  ash  and  moisture  in  coal  have  the  dis- 
advantage that  they  displace  valuable  combustible  matter,  thereby 

'  For  detailed  liifornuition  refer  (o  (he  luitlior's  \vt)rk.s  on  "(las  Power,"  ITill 
Publishing  Company,  New  York. 
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reducing  the  heat  density  of  the  fuel,  that  is,  its  thermal  vahie  per 
unit  volume  or  space  occupied.  This  inert  material  must  be  paid  for 
by  the  consumer,  hence  the  cost  of  digging,  transporting  and  hand- 
ling it  must  be  charged  against  the  coal,  thus  making  it  inferior  as  a 
fuel  to  others  that  possess  a  higher  content  of  combustibles.  Ash 
and  moisture  introduce  another  disadvantage  in  that  both  absorb 
heat.  This  heat  is  used  for  evaporating  the  water  and  for  bringing 
the  non-combustible  matter  to  the  temperature  of  the  fire  and  main- 
taining it  at  that  point,  so  that  less  heat  remains  available  for  useful 
purposes. 

17  In  boiler  work  ash  acts  not  only  as  a  diluent,  reducing  the 
heating  power  of  the  coal  on  the  grate,  but  as  an  actual  obstruction 
to  the  combustion  process,  the  effect  of  its  presence  being  thus  doubly 
harmful.  When  analysing  some  characteristics  of  coal  as  affecting 
the  performance  with  steam  boilers,  W.  L.  Abbot  found  that  when 
the  ash  contents  of  the  coal  (screenings  of  various  size)  had  been 
increased  to  40  per  cent  the  coal  could  still  be  burnt  and  would  heat 
the  water  up  to  the  boiling  point,  but  it  would  not  produce  enough 
heat  to  make  steam.  So  when  heating  boilers  the  useful  effect  from 
the  fuel  drops  to  zero  with  40  per  cent  of  ash,  notwithstanding  the 
fact  that  the  other  60  per  cent  of  the  composition  is  pure  coal.  It 
is  remarkable  that,  although  over  half  of  the  composition  fed  to  the 
fire  is  fuel,  it  burns  without  producing  any  useful  effects. 

IS  In  producer  work  these  drawbacks  are  not  only  less  felt  than 
with  grate  firing,  but  they  are  actually  turned  to  advantage.  Bulk 
of  apparatus  and  heat  radiating  surface  are  factors  of  secondary 
importance  with  producers.  They  only  serve  as  the  central  means 
for  making  a  suitable  gas  which  is  used  subsequent  to  its  generation 
and  outside  of  the  producer  for  heating,  lighting  or  power  purposes 
in  regulable  quantities  according  to  the  momentary  demand.  Heat 
that  may  rachate  through  producer  walls  or  pipings  can  be  used  in  a 
convenient  manner  for  preiieating  either  the  combustion  air  or  the 
coal  or  the  water  or  what  other  constituents  may  participate  in  the 
gasification  process. 

19  High  ash  contents,  though  increasing  the  dust  contents  of  the 
gas  and  producing  clinkers  and  slag  when  unduly  heated,  will  pro- 
mote an  even  flow  of  the  material  through  the  apparatus  when 
properly  treated.  Of  course,  it  is  preferable  to  reduce  tlie  contents  of 
incombustibles  in  a  coal  by  washing  or  bri(iuetting,  if  there  is  an 
alternative  to  their  use  as  raw  fuels  at  the  spot,  since  this  will  lessen 
the  amount  of  handling  and  poking  required.  Also,  it  is  obvious 
that  the  higher  the  quantity  and  the  quality  of  combustibles  in  a  coal 


THE    RATIONAL    UTILIZATION    OF    LOW    GRADE    FUELS  GC9 

and  the  more  uniform  its  size,  the  greater  will  be  the  capacity  and  the 
efficiency  of  the  producer  plant,  and  the  more  uniform  the  composi- 
tion of  the  gas  rendered. 

20  But  where  it  is  necessary  or  desired,  for  reasons  of  economy, 
instead  of  refining  and  selling  the  coal,  to  use  it  in  its  original  raw  shape 
at  the  mines  at  the  lowest  possible  cost  and  with  highest  efficiency, 
then  excessive  ash  contents  cannot  be  regarded  as  a  limiting  condi- 
tion, when  producers  are  employed.  In  Germany  we  have  been  gasi- 
fying mine  culm,  a  material  containing  hardly  25  per  cent  of  combus- 
tible matter  and  up  to  65  per  cent  of  ash,  in  Jahns  producers  for  the 
last  four  years  with  entire  success. 

21  Moisture,  up  to  a  certain  percentage  which  varies  with  the  type 
of  producer  used,  is  not  detrimental  either.  Water,  regardless  of 
whether  it  is  supplied  with  the  coal,  or  with  the  air,  or  in  the  form  of 
steam-,  acts  in  one  way  similarly  as  the  water  does  in  the  cooling  jacket 
of  a  gas  engine,  namely,  as  a  preventative  to  excessive  temperatures, 
thereby  enabling  the  working  process  to  be  performed  without  inter- 
ruption. Excessive  temperatures,  besides  promoting  the  fusing  of 
the  earthy  constituents  of  the  charge  to  slag,  are  harmful  to  the 
materials  of  the  producer  wall  and  grate.  With  proper  adjustment 
of  the  steam  supply,  where  steam  is  added,  it  is  possible  to  prevent 
the  formation  of  big  lumps  of  clinker  with  almost  all  grades  of  coal. 

22  Water  vapor,  besides  increasing  the  efficiency  of  the  producer 
by  reducing  temperatures  all  around,  when  drawn  through  the  incan- 
descent zone  or  otherwise  sufficiently  heated,  will  even  serve  as  a  fuel 
element,  enriching  the  gas  by  an  addition  of  hydrogen  and  oxygen. 
Hydrogen,  within  certain  limitations,  is  a  desirable  constituent 
because  it  increases  greatly  the  calorific  value  of  the  gas  and  promotes 
flame  propagation.  Oxygen  will  combine  with  carbon  to  carbon 
monoxide  and  is  desirable  because  it  replaces  a  certain  weight  of 
air  with  its  accompanying  nitrogen.  Nitrogen  is  an  inert  diluent, 
chemically  speaking,  being  of  little  use  to  the  gas.  In  the  gasification 
process  however  nitrogen  plays  no  unimportant  part  since  it  acts  as 
an  equalising  and  transmitting  medium,  absorbing  heat  in  the  lower 
incandescent  zone  and  yielding  it  again  to  the  upper  layers  of  coal  on 
its  way  to  the  discharge  duct.  It  can  be  taken,  approximately,  that 
two-thirds  of  the  total  physical  heat  are  thus  conveyed  by  the  nitro- 
gen through  the  apparatus  in  up  draft  producers. 

23  The  fact  that  the  moisture  in  coal  absorbs  part  of  the  heat  of 
gasification  is  an  advantage  in  producer  work,  while  it  is  a  drawl )ack 
in  grate  firing.  Moisture  is  harmful  only  when  large  quantities  of  it 
are  contained  in  the  gas  as  produced.     This  water  vapor  must  be 
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removed  from  tlie  gas  either  by  dry  scrubbing  or  cooling  or  compress- 
ing, else  it  will  reduce  the  heat  density  of  the  gas  and,  when  the  coal 
contains  sulphur,  it  will  produce  a  corrosive  action  in  washers  and  pipes, 
besides  having  a  destructive  influence  on  furnaces  and  in  the  steel 
making  process. 

24  When  dry  coal  is  gasified  we  obtain  temperatures  in  the  gas 
between  600  and  800  degrees  centigrade.  When  the  coal  is  wet,  or 
when  water  is  added  we  get  temperatures  of  from  400  to  500  degrees. 
Hence  there  is  a  smaller  loss  through  external  cooUng  of  the  gas  and 
radiation  in  the  piping.  It  should  be  remembered  that  only  a  small 
portion  of  the  total  heat  that  is  lost  by  radiation  can  be  used  for 
regenerative  purposes  in  the  producer.  Also  that  it  is  desirable  for 
all  purposes,  except  Avhen  producer  and  furnace  form  one  unit,  to 
have  the  gas  leave  the  producer  as  cool  as  possible. 

25  If  we  can  control  the  amount  of  moisture  participating  in  the 
gasification  process,  for  instance  by  regulating  the  admission  of  steam 
to  a  comparatively  dry  coal,  there  is  an  economic  maximum  for  each 
material  which  we  must  not  surpass.  In  one  particular  case  in  Eng- 
land it  was  found  that  the  use  of  steam  over  and  above  that  required 
to  saturate  the  blast  at  60  degrees  would  not  lead  to  higher  thermal 
efficiencies.  This  will  hold  true  for  one  kind  of  fuel  only.  When 
using  raw  fuels  of  the  lignitic  and  peat  class  we  have  to  contend  with 
a  certain  percentage  of  moisture  which  cannot  be  expelled  from  the 
air-dried  coal  except  at  high  temperatures  or  by  briquetting.  There- 
fore so  much  water  must  partake  in  the  gasification  process,  and 
the  question  arises:  what  are  its  effects,  and  how  can  we  utiUze  it 
most  advantageously? 

26  The  fact  is  that  fuels  with  some  moisture  contents  and  fat  coals, 
which  absorb  part  of  the  heat  of  the  gas  in  the  distilling  zone  for 
driving  off  the  volatile  compounds  and  for  splitting  them  up  into 
stable  constituents,  are  actually  superior  to  lean  coals  like  anthracite 
and  coke  as  regards  efficiency  of  utilization  in  gas  producers.  They 
also  possess  this  advantage  that  the  gas  made  contains  luminous 
substances  which  greatly  facilitate  the  adjustment  of  gas  fired 
furnaces.  Fat  coals  are  only  inferior  to  lean  ones  in  that  they  are  apt 
to  change  their  volume  and  shape  in  the  producer  while  being  heated, 
therefore  requiring  more  frequent  poking.  Also,  when  exposed  to 
the  atmosphere  the}'  will,  during  storage,  lose  about  1.7  per  cent  of 
their  gas  contents  in  one  week,  thereby  reducing  the  output  of  gas 
ana  by-products,  if  the  latter  are  recovered. 

27  Attention  is  called  to  the  interesting  experiments  of  Dr.  Wendt 
made  in  Germanj''  in  which  he  determined  the  relative  efficiencies  of 
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prodiKUM's  vvorkiDg  with  and  wiMiout,  an  addition  of  water.  Ordinary 
boiler  coal  of  high  volatile  contents  was  used.  When  gasifying  coals 
containing  much  pure  carbon  a  greater  difference  in  efficiency  was 
noted  between  the  dry  and  the  wet  process  than  with  others,  also  a 
greater  difference  in  the  sensible  heat  of  the  gas  which  may  be  lost 
through  radiation  and  coohng. 

28  With  dry  gasification  of  pure  carbon  there  is,  theoretically, 
70  per  cent  of  the  heat  value  of  coal  contained  in  the  gas  as  produced, 
with  wet  gasification  85  per  cent.  In  the  first  case  the  sensible  heat 
of  the  gas  when  leaving  the  producer  is  29  per  cent,  and  in  the  second 
case  9  per  cent  of  its  calorific  value.  In  practice  the  heat  value  of  dry 
producer  gas  ranges  between  900  and  1100  calories  (100  and  123 
B.t.u.  per  cu.  ft.);  that  of  wet  producer  gas  between  1100  and  1400 
calories  (123  and  157  B.t.u.  per  cu.  ft.).  Higher  values  are  the  result 
of  momentary,  not  of  normal  conditions  in  the  producer. 

29  As  for  the  principal  constituents  of  the  gas  the  analysis  shows, 
approximately,  32  per  cent  CO  for  the  dry  process  and  25  per  cent 
for  the  wet  one.  The  contents  of  hydrogen  is  8  per  cent  and  14  per 
cent,  and  that  of  nitrogen  60  per  cent  and  50  per  cent  respectively. 
Carbon  dioxide  ranges  up  to  3  and  4  per  cent,  Methan  from  1  to  3  per 
cent.  Besides  there  are  traces  of  acetylen,  oxygen,  etc.  So  moisture 
in  producer  fuels  acts  practically  as  a  transformer  and  distributer  of 
heat,  reducing  the  sensible  heat  of  the  gas  but  increasing  its  calorific 
value  and  heat  density,  thus  making  it  better  fit  for  outside  dis- 
tribution. 

30  While  for  gas  engine  work  there  is  a  rigid  limit  to  the  hydrogen 
contents  of  producer  gas,  drawn  by  premature  ignition  troubles,  there 
is  little  accurate  knowledge  available  on  the  question  whether  high 
hydrogen  contents  is  harmful  when  the  gas  is  used  for  heating  regen- 
erative furnaces.  Some  contend  that  at  temperatures  beyond  1500 
degrees  centigrade  dissociation  plays  no  unimportant  part  and  that 
the  quick  destruction  of  furnaces  is  the  result  of  high  hydrogen 
contents  in  the  gas.  Others  maintain  that  it  is  the  water  vapor 
accompanying  the  hydrogen  which  is  responsible  for  the  damage 
wrought,  and  that  a  high  content  of  CO  is  more  desirable  when  a  soft 
reducing  flame  is  required  in  the  furnace. 

31  With  thorough  utilization  of  the  radiating  heat  of  the  gas  for 
regenerative  purposes  up  to  90  per  cent  of  the  heat  value  of  the  coal 
can  be  regained  in  the  form  of  producer  gas.  But  there  is  a  limit  to 
preheating,  the  same  essentially  as  that  drawn  to  dry  gasification, 
namely,  the  attainment  in  the  producer  of  excessive  temperatures 
which    its   structure    and    material    cannot   withstand.     When   the 
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particular  fuel  used,  or  the  type  of  producer  employed,  or  the  manner 
of  application  of  the  gas  commend  the  adoption  of  the  drj'  process  or  of 
high  internal  temperatures,  recourse  may  be  had  to  external  water 
cooling,  especially  of  the  parts  neighboringon  the  grate,  wlierc  clinkers 
are  most  apt  to  stick  to  the  walls  and  must  be  removed  by  the  poking 
bar. 

32  Whenever  structure  and  composition  of  the  burnt  material 
afford  sufficient  support  to  the  charge  and  uniform  access  to  the  air, 
it  is  better  in  up-draft  producers  to  leave  the  grate  out  entirely, 
aspirating  air  from  the  circumference  toward  the  center,  else  the 
passage  for  the  outflowing  material  is  obstructed  by  the  central  pipe 
and  the  zone  of  highest  temperatures  is  shifted  near  the  walls  where 
it  is  least  desired.  A  comparative  test  of  the  two  types  of  producers 
of  the  same  general  dimensions  and  gasifying  the  same  inferior  grade 
of  coal,  both  having  water  sealed  bottom,  the  one,  No.  l,working  with 
the  air  supply  from  the  center,  the  other.  No.  2,  from  the  circum- 
ference, but  both  at  the  same  pressure,  showed  the  following  results: 
No.  1  gasified  7  tons  of  coals  in  24  hours  leaving  30  per  cent  of  slag. 
No.  2  gasified  between  10  and  12  tons  in  the  same  time,  leaving  only 
11  per  cent  of  slag.  Unfortunately  different  fuels  offer  such  widely 
differing  characteristics  that  it  is  impossible  to  pronounce  one  form  or 
construction  as  best  suited  for  all  coals. 

33  American  manufacturing  methods  are  noted  for  their  labor 
saving  methods,  and  typical  for  their  relatively  standardized  output 
and  their  dislike  of  changing  production.  In  this  most  modern 
branch  of  industry,  standardization  will  fail  to  effect  results  such  as 
can  be  realized  in  other  departments,  because  when  building  producers 
manufacturers  must  be  prepared  to  meet,  by  adaptation,  separately 
for  each  individual  case,  the  wishes  and  demands  of  their  consumers 
which,  in  turn,  are  dictated  by  the  cheapest  fuel  available  in  the 
particular  locality. 

34  Automatic  charging  is  an  illustration.  Laying  aside  the  fact 
that  it  increases  greatly  the  dust  contents  of  the  gas,  there  is  this 
misapprehension  prevailing  among  men  not  familiar  with  producer 
practice,  that  these  devices  have  the  same  general  effect  as  automatic 
feeding  has  in  boiler  work.  They  are  supposed  to  ehminate  the 
employment  of  manual  labor,  thereby  reducing  the  cost  of  the 
operation  of  the  plant  to  a  minimum.  This  is  only  so  with  coals  that 
do  not  require  treatment  subsequent  to  their  feeding  to  the  producer. 
With  the  bad  caking  variety,  which  abounds  in  this  country,  the 
constant  poking  required  represents  a  much  greater  amount  of  manual 
work  than  the   charging  process  proper.     So  in  this  case,  except 
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perhaps  in  very  large  plants,  there  is  no  saving  realised  through 
automatic  charging  unless  mechanical  poking  is  adopted  at  the  same 
time.  The  question  is  again  strictly  one  of  locality,  size  of  plant  and 
kind  of  fuel  used. 

35  Though,  as  we  have  seen,  there  are  limitations  to  the  efficiency 
of  the  conversion  of  the  kinetic  coal  energy  into  gas,  yet  the  gasifica- 
tion of  coal  in  producers  is  superior  in  almost  every  respect  to  grate 
firing.  One  reason  which  has  not  been  mentioned  is  that  in  pro- 
ducers complete  and  smokeless  combustion  can  be  attained  with  a 
surplus  of  20  or  30  per  cent  of  air  beyond  the  amount  that  is  theoret- 
ically required,  while  with  grate  firing  a  surplus  of  air  of  from  100  to 
250  per  cent  over  the  theoretical  maximum  must  be  expended  in 
order  to  attain  the  same  result.  Hence  by  far  the  largest  portion 
of  the  heat  that  is  generated  on  the  grate  is  lost  on  account  of  the 
high  temperatures  at  which  the  products  of  combustion  leave  the 
flues.  Therefore,  the  larger  the  quantity  of  products  of  combustion 
per  unit  fuel  the  less  efficient  will  be  the  utilization  of  the  combustible 
material  when  grate  firing  is  employed,  while  with  producers  this 
deficiency  can  be  more  nearly  compensated. 

36  Enough  has  been  said  to  establish  that  high  ash  and  moisture 
contents  in  a  coal  do  not  preclude  its  utilization  in  gas  producers,  and 
that  the  utility  of  these  apparatus  ranges  far  beyond  the  realm  of 
application  of  grate,  furnace  and  boiler.  Of  course,  if  we  come  to 
raw  air  dried  lignites  and  peats  containing  over  50  per  cent  of  water, 
then  direct  gasification  becomes  difficult,  even  when  thoroughly 
preheating  air  and  fuel,  and  we  have  either  to  admix  a  certain  weight 
of  dry  coal  to  the  raw  fuel  or  we  must  briquet  it,  whereupon  the 
commercial  distribution  radius  of  the  fuel  and  its  range  of  application 
is  extended  somewhat  in  proportion  to  its  increased  heat  density, 
regularity  of  form  and  composition. 

EFFECTS    OF    BY    PRODUCT    COKE    MAKING 

37  Taking  up  another  phase  of  the  subject:  it  is  through  the 
logical  application  of  approved  methods  of  the  utihzation  of  the 
higher  grades  of  coal  to  the  exploiting  of  the  lower  species  that  we 
have  come  to  abandon  the  traditional  and  wasteful  practice  of 
appraising  the  coal  according  to  its  heat  contents  and  of  utilizing  its 
fuel  value  only,  but  now,  before  destroying  coal  we  analyse  it  as  to 
its  chemical  and  other  values.  We  are  actually  doing  the  same  with 
peat  now  that  progressive  industries  did  long  ago  with  coking  coal  in 
by  product  recovery  ovens. 
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38  The  resulting  advantages,  it  is  remembered,  for  the  coke 
making  industry  were  twofold:  An  increase  of  from  5  to  10  per  cent 
in  the  yield  of  coke,  and  a  return  from  the  sale  of  by-products  varying 
from  75  cents  to  $1  per  ton  of  coke  made.  Yet  some  countries  even 
today  are  reluctant  to  change  their  conservative  attitudes  toward 
this  only  rational  process.  Take  the  case  of  England.  If  the  total 
quantity  of  coke  made  in  the  United  Kingdom  for  metallurgical 
purposes  is  reckoned  at  10  000  000  tons,  at  an  average  price  of  $3.30 
per  ton,  the  general  adoption  of  by  product  coke  ovens  would  result 
in  a  saving  of  from  $1  750  000  to  $3  500  000  derived  from  the 
increased  yield  of  coke,  while  up  to  $10  000  000  could  be  derived 
from  the  sale  of  the  by-products,  provided  that  the  intrinsic  value  of 
the  latter  would  remain  the  same  in  the  future  as  it  is  now. 

39  In  Germany  by  far  the  largest  quantity  of  coke  is  now  made  in 
modern  ovens  since  owing  to  the  high  development  of  our  chemical 
industries  we  possess  staple  markets  at  home  and  abroad  for  the 
disposal  of  the  by-products  which  yield  us  an  annual  gain  of  some 
$10  000  000.  We  are  just  beginning  to  adopt  the  same  process  for 
the  utilization  of  inferior  fuels  such  as  lignite  and  peat,  whenever 
by  product  recovery  can  be  carried  out  on  a  large  enough  scale  to 
make  it  a  commercial  success.  Thus  peat  from  the  moorlands  of 
upper  Bavaria  is  subjected  to  a  process  of  destructive  distillation  in 
Ziegler  furnaces  yielding  besides  coke  and  gas  a  number  of  valuable 
by-products.  The  coke  is  used  for  metallurgical  purposes  and  as  a 
substitute  for  charcoal;  the  gas  for  heating,  lighting  and  power  pur- 
poses. Of  the  chemical  by-products  sulphate  of  ammonia  is  used  as 
a  fertilizer  in  agricultural  pursuits:  tar  oil,  creosote  and  paraffin  serve 
a  variety  of  useful  purposes.  So  what  we  do  in  this  case  is  to  split 
up  the  coal  into  a  number  of  separate  constituents  of  which  each  may 
serve  a  different  purpose  and  each  may  fetch  a  better  price  than  the 
original  material. 

COAL  TAR   OILS 

40  Among  the  efforts  made  in  Germany  to  derive  all  products 
which  are  necessary  to  support  the  national  industry  from  its  own 
native  resources  and  without  the  aid  of  foreign  imports,  the  activities  in 
the  lignite  industry  are  the  most  noteworthy.  It  is  remarkable  how 
the  production  and  valuation  of  this  fuel  which  is  commonly  known 
under  the  name  of  brown  coal  has  increased  within  the  last  fifty  years. 

41  At  the  beginning  of  that  period,  in  1865,  Hgnite  held  about  the 
same  rank  as  peat  holds  now.  The  State  of  Prussia  at  that  time 
produced  18.6  milHon  tons  of  coal,  valued  at  25  million  dollars, 
and  5  million  tons  of  lignite  estimated  at  3.5  million  dollars.     By 
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1905  we  find  a  prodviction  of  113  million  tons  of  coal,  worth  nearly 
250  million  dollars,  and  44  million  tons  of  lignite  worth  25  milUon 
dollars.  The  latter  figure  refers  to  the  fuel  value  of  lignite,  not  to 
the  price  that  may  be  realized  from  it  including  by-products  such 
as  paraffin  and  brown  coul  tar  oils. 

42  These  oils  and  others  gained  from  hard  coal  tar,  from  caking 
coal  and  from  bituminous  slate  are  getting  more  and  more  valuable 
since  it  was  demonstrated  that  they  can  be  used  successfully  as  fuel 
in  Diesel  and  other  oil  engines.  The  annual  production  of  parafiin 
oils  gained  from  brown  coal  tar  has  reached  within  the  last  year 
the  figure  of  40  000  tons,  selling  at  prices  from  $19  to  $26  per  ton. 
The  production  of  oils  gained  from  hard  coal  tar,  such  as  creosote  oil 
and  anthracene  oil,  amounted  to  84  000  tons  within  the  same  period 
and  they  were  sold  for  purposes  of  power  generation  at  the  very  low 
price  of  from  $6  to  $12  per  ton,  according  to  locality.  Another  inter- 
esting product  of  the  coal  tar  industry  is  benzol.  As  a  fuel  it  is 
fast  replacing  gasolene  and  alcohol  for  automobile  and  motor  pur- 
poses, since  besides  costing  only  half  as  much  it  is  more  economical 
and  safer  in  operation. 

43  The  possibility  of  gaining  from  lignitic  and  other  coals  and 
from  peat  a  series  of  substitute  fuels  for  the  ordinary  crude  oil  and 
petroleum  is  of  great  importance  even  for  the  future  activities  of  the 
United  States,  though  this  country  is  apparently  very  well  supplied 
with  raw  materials  of  every  kind,  especially  with  oil,  marching  as  it 
does  at  the  head  of  all  oil  producing  countries  with  an  imposing  out- 
put worth  almost  a  hundred  million  dollars  per  annum. ^ 

44  Yet  there  stands  this  incontrovertible  fact  that  oil  wells  have 
been  tapped  so  recklessly  in  the  past  that  the  center  of  production 
was  shifted  from  Pennsylvania  to  California,  the  extreme  west  of  the 
country,  leaving  little  territory  for  further  exploitation.  And  there 
is  the  other  fact  that  the  remaining  wells  are  practically  all  in  the 
hands  of  one  private  corporation,  leaving  little  chance  for  the  Gov- 
ernment to  establish  a  control  of  the  kind  that  would  prevent  said 

'  In  considering  tlie  relative  values  of  the  mineral  and  metallic  products  of  the 
United  States,  it  is  found  that  the  fuel  materials  aggregate  about  $650  000  000 
annually,  which  is  nearly  double  that  of  the  output  of  pig  iron,  and  about  six 
times  the  value  of  the  various  precious  metals  produced.  Of  this  enormous  sum, 
which  represents  about  40  per  cent  of  the  total  mineral  production  of  the  country, 
only  about  one-seventh,  or  $95  000  000,  must  be  credited  to  the  output  of  oil, 
while  over  one-half  is  represented  by  bituminous  coal,  one-quarter  by  anthracite, 
and  one-twentieth  by  natural  gas.  An  interesting  fact  often  lost  sight  of  is  that 
the  oil  output  in  the  United  States  has  a  greater  total  value  than  silver  and  gold 
together. 
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corporation  from  selling  out  such  oil  immediately  and  with  no  regard 
for  future  national  activities. 

45  The  enormous  extent  and  the  poliryof  the  business  Avhich  the 
oil  trust  has  been  doing  during  the  last  24  years  with  the  American 
product  can  best  be  realized  from  the  report  which  the  Commissioner 
of  Corporations  has  recently  submitted  to  the  United  States  Govern- 
ment. Comparing  the  prices  of  crude  oil  with  the  prices  of  refined  oil 
and  its  by-products  to  ascertain  whether  the  margin  between  the  raw 
and  completed  product  has  been  reduced  by  the  improved  methods 
and  better  organization  of  the  trust,  the  Commissioner  finds  that 
this  margin,  instead  of  decreasing,  has  increased  from  6.6  cents  per 
gallon  for  1898  and  1899  to  7.7  for  1900  and  1902,  and  8.4  cents  for 
1903  and  1905.  Naturally  an  increase  has  also  taken  place  in  the 
annual  profits  of  the  Standard  by  reason  of  this  price  policy,  amount- 
ing from  1896  to  1904  to  over  $27  000  000,  while  the  entire  net 
earnings  from  1882  to  1906 — based  on  an  investment  worth  at  the 
time  of  its  original  acquisition  not  more  than  $75  000  000 — were  at 
least  $790  000  000,  and  possibly  much  more. 

46  These  figures  prove  clearly  that  the  beneficial  effects  of  pri- 
vate monopoly  power  on  the  national  industry  and  the  absence  of 
normal  competition  are  not  always  what  they  are  claimed  to  be  by 
their  defenders.  "The  Standard  Oil  Company,"  says  the  report, 
"gives  the  public  none  of  the  benefits  of  its  superior  efficiency,  but, 
on  the  contrary,  charges  prices  higher  than  those  which  would  exist 
in  the  absence  of  such  a  combination."  And,  we  must  add,  what  is 
worse  for  America:  the  rich  veins  of  this  colossal  country  have  been 
emptied  of  their  precious  contents — an  irrecoverable  loss — and  the  oil, 
by  the  manipulations  of  that  company,  has  been  squandered  all  over 
the  world  where  it  has  served  and  is  still  serving  to  support  and 
build  up  competing  industries  and  skilled  talent.  In  the  mean  time 
foreign  countries  whose  natural  resources  are  exploited  under  the 
supervision  of  the  government,  have  preserved  their  store  of  oil, 
small  though  it  may  be,  and  are  beginning  to  lift  it  now,  at  a  time 
when  its  intrinsic  value  as  a  raiser  of  by-products  for  a  variety  of 
industries  is  being  understood,  appreciated  and  duly  compensated. 
It  is  only  when  people  lack  technical  training  and  industrial  fore- 
thought or  when  they  have  nothing  but  the  immediacy  of  earnings 
at  heart,  that  they  fail  to  recognize  in  the  gross  exportation  of  fuel 
materials  from  a  country  a  dangerous  depletion  of  its  basic  resources, 
working  injury  to  the  national  welfare. 

47  The  increasing  importance  of  oil  in  naval  activities  is  known. 
An  ample  and  ready  supply  of  it  for  purposes  of  national  defense  is 
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desirable.  The  event  of  the  utihzation  of  tar  oils  gained  from  coal 
under  the  control  of  the  Government  will  prove  a  more  effective 
restraint  to  the  monopolizing  of  the  oil  business  by  the  Standard  Oil 
Company  than  the  appointment  of  receivers  or  indictments  by  the 
hundred  brought  by  the  Federal  grand  juries  against  that  corpora- 
tion and  the  payment  of  fines  exceeding  even  the  thirty  million 
dollar  mark. 

LIGNITE   AND   BROWN  COAL  BRICKETS  ^ 

48  Another  event  which  is  bound  to  increase  largely  the  value  and 
industrial  importance  of  lignite  lands  is  the  transformation  of  the  raw 
material  into  brickets.  The  center  of  the  lignite  basin  in  Germany, 
which  is  located  on  the  left  banks  of  the  Rhine,  has  increased  its 
output  of  raw  lignite  within  thirteen  years  from  1  016  300  tons  to 
9  673  100  tons,  that  is  by  851  per  cent,  and  its  output  of  brown  coal 
brickets  from  272  580  tons  to  2  447  000  tons,  that  is  by  797  per  cent. 
Of  this  amount  1  810  000  tons  are  sold  in  Germany,  291  700  tons 
are  exported  and  the  rest  is  used  in  the  briquetting  industries.  With- 
out overestimating  the  value  of  statistical  figures  these  data  testify 
well  enough  to  the  increasing  demand  for  this  class  of  fuel  in  European 
pursuits.  The  sale  of  brickets  would  have  been  even  larger  if  there 
had  been  no  car  famine. 

49  It  may  be  ground  for  comfort  in  the  United  States,  wiiere 
transportation  is  a  serious  factor  for  the  briquetting  industries  to 
contend  with,  to  know  that  in  a  country  where  the  railroads  are  owned 
and  controlled  by  the  government,  being  less  of  a  business  concern  and 
more  of  a  philanthropic-national  institution,  such  accidents  will 
happen,  though  with,  this  difference  compared  to  America  that  they 
befall  large  and  small  dealers  alike  without  discrimination  and  with- 
out secret  rebates. 

50  The  cost  of  the  production  of  brickets  has  increased  somewhat 
in  proportion  to  that  of  ordinary  coal,  owing  to  the  higher  wages 
paid.  For  domestic  uses  they  were  sold  last  year  at  from  $2.25  to 
$2.50  per  ton,  while  for  industrial  purposes  they  brought  prices  from 
$1.70  to  $1.80  per  ton.  The  heat  value  of  brown  coal  brickets 
ranges  from  7700  to  9600  B.t.u.  per  pound,  compared  to  an  average 
of  4900  B.t.u.  per  pound  of  raw  lignite  containing  45  per  cent  water. 
Their  heat  density  is  such  that  up  to  3  tons  or  60  000  000  B.t.u.  can 
be  stored  in  a  space  of  100  cul)ic  feet,  hence  their  commercial  distri- 
bution range  is  almost  double  that  of  the  raw  coal. 

*  For  distribution  and  characteristics  of  American  lignites  refer  to  the  reguhir 
reports  of  the  United  States  Geological  Survey. 
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51  One  drawback  to  the  more  general  application  of  lignite 
brickets  in  industrial  pursuits  rests  with  the  fact  that  the  smaller 
sizes  which  are  best  suited  for  producer  work  are  somewhat  more 
expensive  to  make  and  yet  bring  lower  prices  than  the  larger  sizes, 
which  are  now  so  widely  used  for  domestic  firing.  Yet  they  are  an 
ideal  producer  fuel  on  account  of  the  regularity  of  form  and  com- 
position. An  analysis  of  Bockwitz  brickets,  which  contain  about 
80  per  cent  of  combustible  matter  and  represent  a  fair  average, 
shows  C  53.3  per  cent,  H  4.24  per  cent,  0  +  N  21.95  per  cent,  S  1.06 
per  cent,  HjO  14.65  per  cent,  ash  5.64  per  cent,  slag  1.09  per  cent, 
calorific  value  4580  calories  per  kilogram  (8240  B.t.u.  per  lb.)  The 
gas  generated  from  Bockwitz  brickets  in  (Korting)  producers  shows  an 
average  analysis  of:  CO2 14.8,0  0.2,  H  16.3,  CO  11.8,  CH,  2.0,  CgH^  + 
CjH,  0.4  calorific  value  1030  calories  per  cubic  meter  (115.4  B.t.u. 
per  cu.  ft.)  The  briquetting  tests  of  the  United  States  Geological 
Survey  show  that  the  Dakota  hgnites  can  be  treated  as  successfully 
as  the  German  brown  coal,  a  fact  which  will  vastly  extend  the 
territory  which  these  fuels   control. 

52  Producers  burning  brown  coal  brickets  or  dry  lignite  and  peat, 
unless  having  means  like  the  Pintsch  producer  for  by-passing  the 
volatile  gases  through  the  incandescent  zone  below  where  they  are 
burnt,  employ  invariably  a  second  upper  incandescent  zone.  An 
additional  supply  of  air  preheated  to  about  200  degrees  centigrade, 
(Deutz),  serves  for  the  destruction  of  the  tar,  or  better,  of  the  tar 
forming  hydrocarbons  which  are  decomposed  together  with  the 
moisture,  so  that  besides  the  cleanness  of  the  gas  there  is  a  double 
gain  in  the  calorific  value  of  the  gas  made.  No  water  need  be  added 
when  the  material  contains  beyond  20  per  cent  of  moisture.  No 
operative  difficulties  are  encountered  so  long  as  the  water  contents 
of  the  fuel  does  not  exceed  28  per  cent.  Instead  of  clinker  or  slag 
a  fight  ash  is  formed  which  is  easily  removed.  The  actual  coal 
consumption  remains  in  the  neighborhood  of  one  pound  per  horse 
power  hour  delivered,  costing  about  one  tenth  of  a  cent. 

53  In  water  cooled  producers  which  can  work  -with  a  high  incan- 
descent zone,  using  high  air  pressures  and  allowing  the  attainment 
of  high  temperatures,  raw  lignite  with  up  to  50  and  more  per  cent 
water  can  be  burnt  directly  without  previous  treatment.  In  one 
iron  smelting  plant  in  Germany  raw  brown  coal,  containing  only  26 
per  cent  carbon,  60  per  cent  moisture  and  30  per  cent  dust  and  hav- 
ing a  heat  value  of  2200  calories  per  kilogram,  or  3960  B.t.u.  per 
pound,  is  gasified  in  Turk  producers,  yielding  a  gas  of  1340  calories 
per  cubic  meter  (150  B.t.u.  per  cu.  ft.). 
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54  When  raw  lignite  is  burnt  in  producers  possessing  no  pro- 
visions for  the  destruction  of  tar,  and  when  it  is  desired  to  separate 
out  the  paraffins  from  the  gas  subsequent  to  its  generation  in  order, 
on  the  one  hand,  to  recover  the  by-products,  and  on  the  other, 
to  distribute  the  gas  for  heating  or  power  purposes,  or  both,  it  is 
better  in  large  plants,  instead  of  employing  any  of  the  well  known 
cleaning  apparatus,  to  press  the  gas  after  being  cooled  down  to 
atmospheric  temperature  through  a  motor  driven  compressor  into  a 
double  tank  whence  it  is  allowed  to  flow  into  the  distribution  main 
without  interruption.  The  compression  and  subsequent  expansion 
of  the  gas  will  serve  very  effectively  to  separate  out  undesirable 
constituents,  leaving  the  gas  ready  for  local  and  other  uses  in  gas 
engines  and  furnaces.  For  the  average  power  plant  it  is,  of  course, 
not  advisable  to  engage  in  operations  entirely  distinct  from  its  own 
special  field  of  work. 

THE    UTILIZATION    OP    PEAT 

55  If  we  were  to  conclude  from  the  manner  and  extent  of  the 
industrial  application  of  peat  within  the  last  twenty  years  to  its 
future  possibilities,  our  prognostications  would  be  both  disappointing 
and  wrong.  While  the  use  of  hard  coal  within  said  period  has 
increased  in  Germany  from  60  to  136  million  tons,  and  that  of  Hgnite 
from  15  to  56  million  tons,  the  output  of  peat  has  not  increased  at  all, 
in  fact  it  has  diminished.  The  mistake  that  has  been  made  is  that 
peat  was  regarded  and  utilized  as  a  fuel  only  and  not  as  a  raiser  or 
container  of  valuable  by-products.  Peat,  since  it  does  not  allow  of 
transportation,  neither  as  raw  material  nor  in  form  of  brickets,  owing 
to  excessive  moisture  contents,  has  no  market  value.  Hence  its 
appraising  or  valuation  depends  entirely  on  the  initiative  of  and  on 
the  course  of  action  adopted  by  the  owner  of  the  moorlands.  Peat 
to  be  rightly  used  and  husbanded  must  be  considered  and  treated  as 
a  material  furthering  the  agricultural  possibiUties  of  the  soil  and  not 
as  a  means  for  producing  heat,  light  and  power  in  varied  industries, 
at  any  cost. 

56  Agriculture  is  the  fundamental  industry  of  a  country.  On  its 
prosperity  all  other  industries  are  based.  Every  consideration  is 
subordinate  to  the  idea  that  the  food  growing  possibilities  of  the 
ground  must  remain  in  accord  with  the  ever  increasing  population. 
The  gradual  exhaustion  of  the  soil  and  its  territorial  diminution 
caused  by  the  restless  expansion  of  the  mechanic  industries  must  be 
compensated,  on  the  one  hand,  by  utilizing  vast  stretches  of  land 
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hitherto  void  of  cultivation;  on  the  other  hand,  by  supplying  an 
ample  provision  of  nitrogenous  manure  preferably  from  the  country's 
own  native  resources. 

57  It  is  a  frequent  occurrence  accompanying  ordinary  coal  mining 
operations  that  the  soil  above  the  mines  will  sink  and  decay,  becoming 
what  we  call  "unland,"  that  is,  territory  unsuited  for  agricultural 
pursuits.  When  digging  peat  good  farm  land  is  laid  bare  to  the 
plow  ready  for  immediate  cultivation  and  settlement,  thus  causing 
new  agricultural  possibiUties  and  values  to  develop.  When  reclaim- 
ing land  covered  with  timber  or  having  stumps  upon  it,  1  000  000 
acres  would  cost  at  least  $33  000  000  to  clear.  Peat  moreover, 
contains  from  0.75  to  2.85  per  cent  of  nitrogen  which  can  be  recovered 
by  proper  treatment  as  ammonium  sulphate,  giving  an  excellent 
fertilizer. 

5S  Until  a  short  while  ago  all  countries  were  dependent  for  their 
supply  of  nitrates  on  the  salpeter  resources  of  Chile,  which  will  be 
exhausted  in  about  forty  years.  Lately  the  production  of  sulphate 
of  ammonia  gained  in  the  different  countries  has  replaced  the  imports 
of  Chile  salpeter  to  a  large  extent.  In  1895  the  consumption  of 
imported  nitrates  in  Germany  was  about  450  000  tons  and  that  of 
sulphate  of  ammonia  100  000  tons.  Ten  years  later,  in  1905,  the 
former  rose  to  540  000  tons  and  the  latter  to  215  000  tons,  or  20  per 
cent  and  100  per  cent  respectively.  Yet  the  value  of  the  annual 
imports  of  nitrogeneous  manure  which  is  supplied  to  that  country 
in  form  of  saltpeter,  sulphate  of  ammonia  and  guano  from  abroad 
amounts  still  to  a  total  of  some  $36  000  000,  which  can  be  saved  by 
the  judicious  application  of  up  to  date  methods.  The  recovery  of 
the  nitrogenous  and  other  by  products  is  the  first  essential  for  a 
rational  utiUzation  of  peat. 

59  Among  the  technical  difficulties  which  are  encountered  must 
be  mentioned  first  the  low  heat  density  of  peat  caused  by  the  high 
moisture  and  high  ash  contents,  which  vary  around  90  and  25  per  cent 
respectively.  3j  the  use  of  kneading  and  molding  machines  and  air 
drying,  the  moisture  may  be  reduced  down  to  about  25  per  cent. 
There  are  other  methods  of  drying  peat,  for  instance  the  electrical 
process  invented  by  Graf  Schwerin  and  others,  that  give  more 
economic  results  than  the  mechanical  process,  but  they  cannot  here 
be  discussed  in  detail. 

60  Another  technical  difficulty  of  pe-at  utilization  is  the  cumber- 
some task  of  dredging  and  transporting  the  raw  material  from  the 
moorlands  to  the  place  of  usage.  This  distance  increases  daily 
owing  to  the  low  heat  value  and  depth  of  peat  bogs.     Even  Avhen 
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located  in  the  midst  of  moorlands  an  industry  that  would  base  its 
operations  solely  on  peat  as  a  fuel  would  soon  find  in  the  cost  of  haul 
ing  a  limiting  condition,  also  in  the  fact  that  this  very  voluminous 
material  cannot  very  well  be  stored  so  as  to  be  protected  against  the 
influence  of  the  weather,  and  if  exposed  to  the  atmosphere  it  will 
slack  and  disintegrate  quickly. 

61  Attempts  to  use  peat  for  firing  locomotives  have  failed  abroad. 
The  practical  question:  what  does  it  cost  to  raise  1000  pounds  of 
stearfi  with  peat  compared  to  coal  firing,  has  been  decided  by  Dr.  A. 
Franke,  the  foremost  authority  on  peat  utilization,  in  favor  of  coal. 
So  here  comes  the  gas  producer  as  the  only  economical  solution  of  the 
problem. 

62  Peat  with  50  and  more  per  cent  water  is  now  gasified  in  pro- 
ducers with  the  aid  of  highly  superheated  steam  (Dr.  Caro's  patents), 
yielding,  besides  sulphate  of  ammonia,  a  power  gas  well  suited  for 
use  in  gas  engines.  A  plant  of  this  kind  is  operating  near  Nord- 
georgfehn,  in  Germany,  using  peat  from  .the  Marcard  moor-canal, 
which  contains  1.17  per  cent  of  nitrogen.  Per  ton  of  dry  peat  30  kg. 
of  sulphate  of  ammonia  worth  $1.70  and  2500  cubic  meters  (88  250 
cu.  ft.)  of  gas  of  146  B.t.u.  are  gained,  which  will  yield  600  horse  power 
hours  in  gas  engines  besides  what  is  used  in  the  process.  From  the 
gas  driven  electric  central  station  current  is  distributed  to  the  neigh- 
boring districts  at  low  prices.  Some  peat  bogs  in  Ireland  contain 
in  their  upper,  more  recent  layers,  up  to  3  per  cent  of  nitrogen.  This 
means  that  2  tons  of  wet  peat  could  yield  on  an  average  nearly  as 
much  ammonia  as  1  ton  of  coal.  To  the  Mond  interests  the  possi- 
bility of  using  peat  instead  of  slack  fuel  in  producers  comes  as  a  very 
welcome  event  since  it  will  help  to  place  this  process  on  a  commercial 
footing  also  in  this  country. 

63  Reference  has  already  been  made  to  the  Ziegler  process  which 
originated  from  an  attempt  to  improve  the  raw  peat  so  as  to  give  a 
better  fuel.  Now  the  idea  is  to  make  coke  from  peat  and  to  utilize 
the  resulting  by-products  in  the  most  profitable  manner.  In  order  to 
accomplish  this,  peat  with  low  ash  contents  and  with  its  moisture 
expelled  down  to  18  or  25  per  cent  as  a  maximum  must  be  available. 
There  are  two  systems  of  closed  ovens  or  retorts  employed,  the  one 
yielding  a  good  metallurgical  coke  and  the  other  one  of  the  semi- 
variety.  The  analysis  of  coke  No.  1,  of  which  are  gained  from  8  to  10 
tons  per  oven  within  24  hours,  is:  C  87.8  per  cent,  H  2  per  cent,  N  1.3 
per  cent,  S  0.3  per  cent,  0  5  percent,  ash  3.2  per  cent,  calorific  value 
7800  calories  per  kg.  (14  040  B.t.u.  per  lb.)  Of  semi-coke  are  gained 
from  12  to  14  tons  per  oven  within  24  hours,  and  the  analysis  shows 
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C  73.89  per  cent,  N  1.49  per  cent,  S  0.20  per  cent,  H  3.59  per  cent, 
0  1-4.52  per  cent,  ash  2.5  per  cent,  moisture  3.8  per  cent,  heat  value 
6700  calories  per  kg.  (12  060  B.t.u.  per  Ih.)  Among  the  more  valuable 
by-products  of  the  tar  are  acetate  of  lime,  sulphate  of  ammonia, 
methyl  alcohol,  Ught  and  heavy  gas  oils,  which  can  be  used  partly 
as  fuel  and  Ughting  oils  and  partly  as  lubricants,  and  paraffin 
and  asphaltum.  There  are  several  plants  of  this  type  working  in 
Germany  and  elsewhere,  the  most  notable  of  its  kind  being  the  one 
built  on  the  moorlands  of  upper  Bavaria,  at  Beuerberg.  It  is  a'  most 
interesting  illustration  of  the  modern  endeavor  to  secure  in  the 
utilization  of  coals  the  largest  returns  from  the  lowest  grade  of 
supply. 

MINE    CULM,  WASH  BANKS,    ETC. 

64  The  rational  utihzation  of  these  materials  is  of  great  impor- 
tance for  collieries,  where  they  are  available  in  enormous  quantities, 
and  where  they  have  formed  hitherto  a  real  nuisance  to  the  works 
management.  Owing  to  excessive  ash  contents  these  banks  could 
not  be  burnt  under  boilers,  nor  could  they  be  dumped  back  into  the 
mines  on  account  of  the  danger  of  causing  self  ignition  of  the  remain- 
ing coal  deposits.  So  they  were  either  stored  up  in  huge  piles  in  the 
neighborhood  of  the  pit  or,  where  territorial  limitations  prevented 
this,  they  were  transported  by  rail  into  neighboring  dumping  grounds, 
being  thus  absolutely  useless  and  causing  heavy  expenditures.  There 
are  two  possibilities  of  utilizing  these  low  grade  coals:  one  is  to  gasify 
them  in  Jahns  ring  producers  where  their  fuel  value  is  utilized,  the 
25  or  30  per  cent  combustibles  yielding  a  gas  free  from  tar  and  well 
suited  for  heating,  lighting,  or  power  purposes.  A  plant  of  this 
type  was  built  early  in  1902  on  the  von  der  Heydt  coal  mines,  Saar- 
briicken,  Germany,  and  has  been  in  active  service  ever  since.  The 
gas  generated  has  an  average  composition,  in  per  cent  of  volume, 
CO2  12.6,  CO  13.1,  CH4  0.9,  H  27,  0  0.57,  heat  value  (low)  1183  cal. 
cu.m.  (132.5  B.t.u.  per  cu.  ft.)  The  cost  of  1000  B.t.u.  in  form  of 
producer  gas  is  only  0.005  cent,  or  one  brake  horse  power  hour  in 
gas  engines  costs  0.05  cent. 

65  Another  method  is  that  developed  by  Dr.  N.  Caro,  of  Berlin, 
Germany.  It  is  based  on  the  observation  that  "wash  banks"  and 
other  waste  contain  more  nitrogen  than  that  which  corresponds  to 
their  coal  contents.  In  WestfaUan  collieries  it  was  found  that  wash 
banks,  the  coal  contents  of  which  show  on  analysis  about  1.2  per 
cent  of  nitrogen,  contain  up  to  1  per  cent  of  nitrogen,  though  their 
total  contents  of   combustible  matter  is  only  25   or  30  per  eent. 
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Dr.  Caro  has  succeeded  in  gasifying  this  material  in  producers  [of 
the  Mond  type  especially  equipped  for  the  purpose,  and  besides 
getting  a  suitable  gas  he  gains  about  80  per  cent  of  its  total  nitro- 
gen contents  in  the  form  of  sulphate  of  ammonia.  At  the  same  time 
the  sulphur  is  removed  so  that  the  residues  of  the  gasification 
process  can  be  directly  dumped  from  the  producer  into  the  mines 
without  fear  of  premature  ignition.  Per  ton  of  wash  banks,  depend- 
ing on  their  value,  from  30  to  40  kg.  of  sulphate  of  ammonia  are 
gained  so  that  not  only  the  cost  of  removing  the  waste  coal  is 
recovered  but,  in  addition,  a  good  profit  is  realized. 

COKE  BREEZE,  DUST  COKE,  ETC. 

66  There  are  places  where  fuels  of  very  small  size  are  available  in 
large  quantities  and  at  low  prices,  for  instance  in  gas  and  coke  works, 
railway  stations,  etc.  Their  high  ash  and  dust  contents  and  the 
small  size  makes  them  unfit  as  boiler  fuel,  nor  are  they  well  suited  for 
transportation.  Two  ways  of  utilizing  these  coals  are  now  open: 
The  one  is  to  burn  them  in  gas  producers  especially  designed  for  their 
use;  the  other  is  to  briquet  them,  whereupon  they  become  capable  of 
competition  with  the  best  grades  far  and  near.  Here  are  some  of  the 
points  to  consider  when  using  dust  coals  in  gas  producers:  The 
great  resistance  offered  by  the  dense  fuel  material  to  the  passage  of 
air  must  be  overcome  by  keeping  the  charge  as  low  as  possible  and 
constant  and  uniform  in  height,  otherwise  the  air  will  pass  up  along 
the  walls,  producing  cUnkers  and  a  bad  quality  of  gas.  The  coal 
must  be  charged  frequently  within  short  intervals  and  in  small  quan- 
tities, and  if  containing  moisture,  it  must  be  preheated  by  the  gas  as 
produced.  This  exchange  of  heat  will  increase  the  calorific  value  of 
the  gas  at  the  same  time  lowering  its  temperature  and  that  of  the 
process.  Producers  must  be  dimensioned  larger  in  proportion  to  the 
higher  dust  content  of  the  material  used.  The  quality  of  gas  rendered 
is  somewhat  lower  but  sufficient  for  use  in  gas  engines  and  for  heating 
furnaces,  unless  very  high  temperatures  are  desired. 

67  Producers  designed  in  accordance  with  these  principal  consid- 
erations by  Julius  Pintsch,  of  Berlin,  and  by  the  Gasgenerator  Com- 
pany, of  Dresden,  Germany,  have  given  excellent  results  with  the 
poorest  fuels.  A  1000  horse  power  Pintsch  producer  plant  using 
coke  breeze  has  been  doing  uninterrupted  service,  day  and  night, 
since  April  1905.  The  dust  coke  which  settles  in  the  smoke  boxes  of 
locomotives,  having  a  composition,  in  per  cent,  C  75.2,  H  0.4,  0  +N 
1.45,  S  0.85,  ash  19.2,  moisture  2.9,  calorific  value  (low)  6073 
calories  per  kg.  (10  930B.t.u.  per  lb.)  can  also  be  used  in  these  producers 
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and  will  yield  a  gas  of  the  following  composition,  in  perfent:  COj  5.0, 
CO  26.0,  H.  12.0,  CH,  0.2,  calorific  vnlne  flow)  1100  calories  per 
cubic  meter  (12.'?  B.t.u.  per  cu.  ft.) 

G8  As  an  example  of  how  the  intrinsic  value  and  the  salability  of 
dust  fuels  can  be  increased  by  bricjuetting,  the  case  of  the  Gas  Works 
at  Riga  may  be  cited.  Large  piles  of  dust  coke  which  originated 
from  breaking,  handling,  storing  and  transporting  ordinary  good 
coke  were  available.  They  had  been  sold  hitherto  as  filling  materials 
for  ceilings,  fetching  a  price  of  2.5  cents  for  100  pounds,  while  coke  in 
the  larger  sizes  would  sell  at  30  cents  per  100  pounds  in  that  locaUty. 
Though  the  dust  coke  contained  from  75  to  80  per  cent  of  combusti- 
bles it  was  impossible  to  use  it  for  firing  boilers  since  the  fine  dust 
would  clog  up  the  flues  requiring  frequent  cleaning  and  causing  heavy 
expenditures.  So  a  briquetting  machine  was  installed  which  pro- 
duced 1000  brickets  of  0.4  kg.  or  400  kg.  (880  pounds)  of  brickets  per 
hour.  An  addition  of  5  per  cent  of  hard  pitch  and  tar  residues  as 
binding  material  gave  sufficient  cohesion.  The  average  production 
in  a  ten  hour  day  was  4200  kg.  (9240  pounds)  of  brickets  having  a 
heat  value  only  5  per  cent  lower  than  coke,  the  higher  ash  contents 
being  compensated  by  the  greater  heat  value  of  tar  and  pitch.  They 
make  an  excellent  fuel  for  boilers  and  gas  producers.  By  the  adop- 
tion of  superior  methods  of  utiUzation  the  returns  from  this  low 
grade  material  have  been  increased  from  55  cents  realized  per  ton  of 
coke  dust  to  $3  received  per  ton  of  coke  brickets. 

69  A  few  words  may  be  added  regarding  the  activities  of  the 
United  States  Geological  Survey  and  the  proposed  control  of  coal 
lands  by  the  Federal  Government.^  In  view  of  the  paramount 
importance  of  the  subject  it  is  a  matter  of  regret  for  the  development 
of  this  branch  of  industry  in  the  United  States  as  well  as  for  science 
international — noting  the  inadequate  apparatus  available  at  the  fuel 
testing  plant  at  St.  Louis  and  considering  the  superior  progress  that 
has  been  made  in  the  study  of  these  commodities  abroad — that  the 
appropriation  for  the  investigation  of  fuel  problems  which  has  been 

^  If  a  committee  of  twenty  experts  chosen  by  the  National  Civic  Federation 
after  an  exhaustive  investigation  of  municipal  trading  in  the  United  States  and 
Great  Britain  have  come  to  the  conclusion  that  America,  for  various  well  under- 
stood reasons,  is  unripe  for  municipal  ownership  of  the  revenue-producing  indus- 
tries, we  must  draw  the  further  conclusion  that  it  is  ripe  for  government  control 
of  its  most  needed  resources.  In  Europe  the  method  of  partial  ownership  of 
public-service  corporations  has  proved  very  successful. 

It  has  the  advantage  of  effective  public  control  while  retaining  the  stimulus 
of  private  interest.  The  private  stockholders  can  be  relied  on  to  prevent  political 
abuses,  and  the  public  ownership  assures  the  necessary  publicity. 
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made  by  Congress  may  not  be  expended  for  work  outside  the  United 
States  proper.  A  more  liberal  endowment  of  the  work  of  the  Geolog- 
ical Survey  which  would  enable  that  body  to  proceed  with  the  inves- 
tigation and  dissemination  of  fuel  characteristics  and  conversion 
beyond  the  limits  of  its  present  equipment  must  seem  desirable  for 
the  future  stability  of  the  American  industry. 

70  The  accumulated  experience  of  many  European  nations  that 
have  attempted,  from  time  to  time,  to  operate  industrial  establish- 
ments, bureaus  of  research  and  other  offices  under  the  supervision 
of  the  State,  proves  conclusively  that  when  a  government  under- 
takes to  own  or  to  control  institutions  devoted  to  the  public  welfare 
and  fails  to  supply  the  means  necessary  for  bringing  them  up  to  the 
highest  standard  of  excellence  and  for  keeping  them  at  that  level 
it  will  work  harm  both  ways.  It  discourages  those  that  have  devoted 
their  best  energies  to  the  work  and  in  the  routine  of  labor  find  their 
efforts  hampered  by  insufficient  equipments  and  by  pecuniary 
restrictions,  and  it  destroys  the  faith  of  those  among  the  people  who 
do  not  profit  by  it  in  the  efficiency  of  government  control  as  a  means 
for  promoting  the  industrial  progress  and  for  furthering  the  general 
prosperity  of  the  country. 

IN   CONCLUSION 

71  This  subject  of  which  the  above  gives  a  brief  expose  does  not 
allow  of  narrow  technical  treatment.  It  requires  breadth  of  vision 
and  accuracy  of  knowledge  to  realize  its  economic  and  political 
bearing  on  the  destiny  of  nations.  One  fact  however  stands  out 
clearly:  it  is  this  that,  according  to  the  present  state  of  our  knowl- 
edge, the  rational  utilization  of  coals  of  high  volatile  contents  requires 
the  adoption  of  gas  producers  with  by-product  recovery  and  the 
distribution  of  heat,  light  and  power  from  gas  driven  central  stations 
to  the  neighboring  districts,  a  scheme  which  is  feasible  only  when 
operating  on  a  large  scale  and  where  staple  markets  for  the  disposal 
of  goods  lie  within  the  commercial  distribution  radius  of  the  plant. 
Fuels  of  high  ash  contents,  on  the  other  hand,  such  as  mine  culm  and 
other  waste  of  low  heat  value,  must  be  used  at  the  spot  in  producers 
specially  equipped  for  the  purpose.  Dust  coals  and  similar  fuels  can 
either  be  gasified  in  producers  particularly  designed  for  their  use,  or 
they  may  be  transformed  into  brickets,  whereupon  competition 
becomes  possible  with  the  best  grades  of  coal  for  all  manner  of 
application.  In  all  cases  the  employment,  in  the  electric  central 
station,  of  large  gas  engines  is  a  logical  supplement  to  the  gasifica- 
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tion  of  coals  in  producers  and  is  the  only  means,  so  far  available, 
for  attaining  maximum  industrial  economy  in  the  operation  of 
plants  of  some  magnitude. 

72  Another  fact  gratifying  for  the  engineer  to  see  revealed  is  that 
industrial  progress  not  only  has  confirmed  but  has  passed  beyond  the 
remarkable  prediction  of  the  late  Sir  William  Siemens,  which  he 
promulgated  as  early  as  1881,  in  these  words:  "  I  am  bold  enough  to 
go  so  far  as  to  say  that  raw  coal  should  not  be  used  for  any  purpose 
whatsoever,  and  that  the  first  step  towards  the  judicious  and  economic 
production  of  heat  is  the  gas  retort  or  gas  producer,  in  which  coal  is 
converted  either  entirely  into  gas,  or  into  gas  and  coke,  as  is  the  case 
at  our  ordinary  gas  works. " 


DISCUSSION 

Prof.  Charles  E.  Lucre  The  national  importance  of  utiHzing 
low  grade  fuels  is,  I  think,  quite  fully  realized.  Furthermore,  it 
has  been  equally  well  realized  and  proved  that  even  these  very  low 
grade  fuels  can  be  gasified  in  the  producer,  and  that  the  producer 
offers  therefore  a  more  desirable  possible  substitute  for  the  boiler. 

2  What  has  not  been  shown — and  it  is  important  for  us  as  mechan- 
ical engineers  to  realize  it  as  not  having  been  shown — is  the  fact  that 
such  gasification  of  low  grade  fuels  is  not  today  in  this  country  a 
commercial  proposition.  They  can  be  gasified,  but  I  say  it  is  not  a 
commercial  proposition,  and  I  can  support  that  on  three  bases. 

3  First,  a  plant  to  gasify  these  very  low  grade  fuels  will  be  a 
costly  plant  today,  if  such  a  plant  can  be  built  at  all.  An  ordinary 
gas  producer  plant,  handling  anthracite  buckwheat  coal,  which  may 
be  considered  the  standard  for  this  sort  of  work,  will  cost  more  than 
the  steam  plant  by  a  considerable  margin;  and  first  cost  is  a  matter 
of  a  great  deal  of  importance  to  American  power  producers.  If,  there- 
fore, the  manufacturer  can  buy  at  all — which  I  doubt — a  plant  for 
the  utilization  of  the  very  low  grade  fuels,  it  %\'ill  cost  a  great  deal 
of  money. 

4  Second,  supposing  for  tlie  moment  that  it  could  be  bought, 
you  would  assuredly  find  the  labor  of  operating  it  excessive.  I  have 
in  mind  a  case  in  which  a  fuel  that  is  not  at  all  considered  a  low  grade 
fuel — Pocahontas  coal — costs  for  the  firing  alone,  three  and  a  half 
times  as  much  in  a  certain  producer  as  anthracite  buckwheat  did, 
the  producer  having  been  built  for  the  latter.  That  is  the  second 
reason  why  I  think  this  gasification  process  is  not  yet  commercial. 
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5  The  third  reason  I  consider  even  more  important  than  the 
other  two,  namely,  the  fact  that  in  present  producers  there  is  a  hmit 
to  the  length  of  run  possible,  after  which  they  must  be  shut  down  and 
cleaned  out.  That  means  that  you  must  carry,  if  you  need  power . 
continuously,  a  large  number  of  spares,  a  number  to  be  determined 
by  the  length  of  the  run  possible  in  each  and  that  in  turn  by  the  fuel 
characteristics. 

6  I  think,  however,  that  everybody,  even  remotely  connected 
with  the  gas  engine  or  gas  producer  enterprise,  is  at  work  on  this  prop- 
osition, experimenting,  inventing  and  calculating,  and  I  have  no 
doubt  that,  with  the  concentration  of  energy  the  subject  is  now  receiv- 
ing, the  solution  of  the  problem  is  not  far  off. 

Prof.  R.  H.  Fernald  In  view  of  the  trend  of  the  discussion 
especially  that  portion  taken  up  by  Professor  Lucke,  I  want  to  bring 
out  two  or  three  points. 

2  First,  as  to  the  rate  of  development  of  the  gas  producer  for 
power  purposes  A  year  ago  there  were  approximately  one  hundred 
and  fifty  producer  gas  installations  in  the  United  States;  at  the  present 
time  there  are  over  four  hundred,  the  number  having  been  more  than 
doubled  in  the  past  year.  Of  the  four  hundred  installations,  about 
15  per  cent  of  the  total  number  is  operating  on  bituminous  coal  and 
85  per  cent  on  anthracite.  The  aggregate  horse  power  represented 
by  these  installations  is  approximately  130  000.  Of  the  aggregate 
horse  power,  about  70  per  cent  of  the  total  is  on  bituminous  coal, 
although  the  larger  number  of  installations  is  operating  on  anthracite 
coal.  The  anthracite  plants  average  about  one  hundred  horse  power 
each  and  the  bituminous  plants  about  sixteen  hundred. 

3  It  was  stated  that  the  gas  producer  plant  was  more  expensive 
than  the  steam  plant.  For  plants  of  less  than  1000  horse  power  the 
gas  producer  installation,  including  gas  producer,  engine  and  electric 
generator,  costs  from  15  to  30  per  cent  more  than  the  corresponding 
steam  plant.  This  difference  can  be  made  up  by  the  saving  in  the 
cost  of  operation  in  approximately  two  years'  time  with  coal  at  $2.75 
a  ton.  With  plants  from  1000  horse  power  up  to  5000,  the  difference 
in  first  cost  is  approximately  from  5  to  15  per  cent  in  favor  of  the 
steam  plant,  and  the  difference  can  be  made  up  in  approximately 
one  year,  with  coal  costing  $2.75  a  ton.  With  plants  from  5000  horse 
power  upward,  the  initial  cost  of  the  two  types  of  installation  is 
about  the  same. 

4  A  gas  installation  under  construction  at  the  present  time — a 
5500  horse  power  plant — has  an  estimated  cost,  including  producers, 
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FIG .  1     RELATIVE  ECONOMIES  OF  STEAM  AND  GAS  POWER  PLANTS 
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engines,  electric  generators,  buildings  and  auxiliaries,  all  erected, 
together  with  freight,  of  $73  a  horse  power.  The  corresponding  bid 
for  the  steam  plant  was  stated  to  be  $74  a  horse  power,  $1  higher  for 
the  steam  than  for  the  gas  plant. 

5  The  next  point  that  I  desire  to  bring  out  is  the  relation  between 
the  amount  of  coal  required  in  a  steam  plant  and  in  the  corresponding 
producer  gas  plant.  Fig.  1  represents  the  relative  quantities  of  coal 
I'equired  by  the  steam  and  producer  gas  plants  at  the  Government 
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FIG.  2     RELATIVE  ECONOMIES  OF  STEAM  AND  GAS  POWER  PLANTS 


Testing  Station.  At  the  left  of  this  figure  is  shown  the  number  of 
British  thermal  units  that  must  be  delivered  in  the  fuel  to  the  furnace 
and  producer  of  the  steam  and  gas  plant,  respectively,  in  order  that 
100  British  thermal  units  may  be  converted  into  electric  energy.  At 
the  right  is  shown  the  percentage  of  useful  work  at  the  bus  bars  for 
the  plants  considered. 

6  In  considering  the  relation  between  the  economic  results  of 
the  two  types  of  plants  under  discussion,  that  is,  steam  and  pro- 
ducer gas,  attention  is  called  to  the  fact  that  in  the  ordinary  manufac- 
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turing  plant  operated  by  steam  power,  less  than  5  per  cent  of  the 
total  energy  in  the  fuel  consumed  is  available  for  useful  work  at  the 
machine.     Fig.  2  shows  the  relation  between  steam  and  producer 
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gas  plants  of  exceptional  efficiency.  The  data  of  the  steam  plant 
selected  for  this  comparison  are  from  the  figures  presented  by  Mr. 
Stott,  Superintendent  of  Motive  Power,  Interborough  Rapid  Transit 
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Company,  New  York.  This  plant  is  one  of  the  best  designed  and 
most  economically  operated  in  this  country  and  shows  a  thermal 
efficiency  of  10.3  per  cent.  Various  writers  state  the  thermal  efficiency 
of  producer  gas  plants  to  be  as  high  as  33  to  38^  per  cent,  and  some 
give  figures  as  extravagant  as  above  40  per  cent.  Although  the 
intention  is  to  present  figures  for  a  producer  gas  plant  which  may 
compare  favorably  with  those  of  the  steam  plant  mentioned,  an  effort 
has  been  made  to  keep  well  within  conservative  efficiencies.  Atten- 
tion is  also  directed  to  the  fact  that  tlie  producer  gas  plant  considered 
should  be  of  such  size  as  to  compare  favorably  with  the  steam  plant. 
This  precludes  the  suction  plants  which  are  of  relatively  small  size 
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but  which  give  higher  thermal  plant  efficiencies  than  the  larger  pressure 
and  down-draft  plants  which  require  more  or  less  auxiliary  apparatus. 
7  Although  it  might  be  possible  to  find  a  producer  gas  plant  of 
higher  thermal  efficiency  than  the  one  used  in  the  comparison  shown 
in  Fig.  2,  a  careful  study  of  the  problem  has  led  to  the  use  of  a  reason- 
ably conservative  figure,  that  is,  21-|  per  cent  for  the  producer  gas 
plant  as  compared  with  the  10.3  per  cent  of  the  steam  plant.  Another 
method  of  showing  the  economic  results  from  the  Government  Testing 
Station  is  presented  in  Fig.  3  and  4.  The  ratio  is  brought  out  more 
clearly  perhaps  by  reference  to  Fig.  5,  which  shows  the  results  secured 
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from  a  large  number  of  different  Illinois  coals.  In  some  instances 
no  steaming  test  was  made,  as  the  coal  was  of  such  an  inferior  quality 
that  it  could  not  he  handled  under  the  hoilers,  due  either  to  the  fine- 
ness of  the  slack  coals  or  to  the  high  percentage  of  sulphur. 

8  The  third  point  which  I  desire  to  emphasize  is  the  fact  that 
certain  low  grade  fuels  have  been  used  with  marked  success  in  the 
producer  gas  investigations  at  the  Government  Testing  Station. 
The  accompanying  table  shows  the  results  from  nine  fuels  in  which 
the  percentage  of  ash  is  relatively  high.  In  the  case  of  No.  9,  West 
Virginia  bone  coal,  the  refuse  was  in  the  form  of  slate  and  rock  and  in 
many  instances  sparks  were  displayed  when  the  rocks  were  struck  by 
a  hammer.  Even  with  this  exceptionally  low  grade  fuel  the  consump- 
tion per  horse  power  hour  is  seen  to  be  remarkably  good.  Some  of  the 
lignites  might  be  added  to  this  list  on  account  of  their  high  percent- 
age of  moisture.  For  example,  a  North  Dakota  lignite  on  which 
very  satisfactory  results  were  secured  contained  approximately  40 
per  cent  of  moisture. 

9  I  mention  these  results  from  low  grade  fuels  to  show  what  work 
is  being  done  in  the  United  States  along  the  line  of  their  rational  utili- 
zation. I  recognize  the  fact  that  it  may  be  claimed  by  some  that  the 
Government  Testing  Station  is  not  a  commercial  plant.  While 
this  is,  of  course,  true  yet  one  opportunity  only  has  been  given  the 
gas  producer  crew  to  secure  results  from  each  of  these  fuels.  From 
our  standpoint,  the  bone  coals  and  the  other  fuels  indicated  can  be 
regarded  as  commercially  possible  in  the  gas  producer,  and  they  can 
undoubtedly  be  operated  with  exceptionally  good  economy  in  the 
majority  of  cases.  It  should  be  emphasized  that  the  producer  upon 
which  these  tests  were  made  was  designed  primarily  for  anthracite 
coal  and  that  no  change  was  made  in  the  construction  of  the  plant 
for  the  tests  recorded  in  this  discussion.  The  fuels  mentioned  were 
received  at  the  plant  at  various  times  during  the  past  three  years  and 
were  tested  in  the  order  in  which  they  were  received,  together  with  all 
the  other  fuels,  without  reference  to  the  percentage  of  ash,  sulphur, 
moisture  or  other  properties.  Over  one  hundred  and  fifty  bituminous 
coals,  lignites  and  peats  have  been  thus  tested  in  the  gas  producers 
at  the  Government  Testing  Station. 

Mr.  Edward  J.  Kunze  Comparison  has  been  made  between  the 
large  size  boiler,  with  all  its  refinements,  and  the  hand  fired,  hand 
tended  gas  producers.  It  has  been  said  that  the  cost  of  attendance 
is  greater  for  the  producer  than  for  the  boiler.  This  comparison  is 
not  fair.     There  is  no  reason,  in  large  plants,  why  we  should  not  have 
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our  producer  automatically  stoked  and  the  ash  automatically  removed 
and  this  is  indeed  the  only  proper  way  of  attending  a  large  number 
of  large  producers.  To  be  sure,  we  are  encumbered  with  the  extra 
cost,  due  to  the  refinement,  but  do  not  superheaters,  economizers, 
automatic  stokers  and  ash  conveyors  attached  to  boilers  also  cost 
money? 

2  If  the  fuel  and  ash  are  handled  in  as  rational  a  manner  in  our 
large  producer  plants  as  they  are  in  our  large  boiler  plants,  we  may 
expect  the  labor  cost  to  be  very  nearly  in  proportion  to  the  amount  of 
fuel  burned  and,  therefore,  for  the  producer,  it  should  be  at  least  one- 
half  that  for  the  boiler  plant. 

3  We  have  seen  that  we  are  to  depend  more  and  more,  in  the 
future,  on  the  use  of  inferior  fuels,  many  of  which  have  a  great  tend- 
ency to  form  clinker.  The  effect  of  chnker  formation  on  an  ordinary 
grate  is  to  reduce  the  effective  grate  area  and  to  cause  uneven  heating 
and  cooling  of  the  grate  bars  with  its  attendant  evils.  The  herring-bone 
grate  is  not  the  proper  type  of  grate  upon  which  to  burn  a  chnker- 
forming  coal.  In  order  to  prevent  clinker  formation,  the  most  rational 
thing  to  do  is  to  agitate  the  fuel  bed  shghtly.  The  inclined  grate  will 
not  do  this  properly.  In  burning  a  clinker-forming  coal  on  an  incHned 
grate  stoker,  the  tendency  is  for  the  coal  to  roll  down  the  incline, 
adding  to  its  size  as  it  rolls,  much  as  a  snow  ball  does  in  rolling  down 
hill,  leaving  more  or  less  thin  or  bare  spaces  behind  it.  Especially 
is  this  true  where  the  boilers  are  pushed  very  hard,  because  of  the 
greater  inchne  given  to  the  grate  under  those  circumstances.  A 
more  rational  sort  of  grate  for  this  purpose  would  be  a  chain  grate 
having  oscillating  grate  bars.  The  occasional  movements,  up  and 
down,  of  such  a  grate  during  its  passage  would  not  only  prevent  the 
formation  of  clinker  of  an  objectionable  size,  but  such  oscillations 
would  also  keep  the  fuel  bed  and  grate  free  of  ash,  and  the  tendency 
would  be  toward  a  more  constant  air  space. 

4  Common  slack  coal  may  be  very  successfully  burned  on  such 
a  grate,  and  the  burning  of  culm  meets  with  success  if  a  proportion 
of  bituminous  coal  is  added.  Of  course  the  grate  should  be  designed 
for  the  fuel  to  be  used. 

5  The  fuel  bed  should  be  kept  compact.  This  may  be  done  by 
causing  the  ash  to  be  pushed  over  a  bridge  wall  in  the  rear  of  the  grate. 
It  is  not  proper  to  allow  the  caked  fuel  to  tumble  over  at  the  end  of 
a  chain  grate  and  break  off,  much  as  do  icebergs  from  their  mother 
glaciers,  leaving  crevices  in  their  wake.  No  cool  air  should  pass  up 
behind  the  grate.  All  air  should  pass  through  the  grate  and  up 
through  hot  coals,  not  through  open  places  in  the  rear. 
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6  In  the  producer,  clinker  formation  presents  a  far  more  serious 
"aspect.     Here  we  desire  to  generate  a  gas  of  uniform  quality.     When 

clinker  forms  in  a  producer,  the  coal  around  its  outer  edges  burns 
rapidly,  leaving  weak  spots  for  the  more  easy  passage  of  CO,,  air, 
H  or  other  gas,  hence  uniformity  of  quality  is  sacrificed. 

7  This  trouble  may  be  overcome  in  the  manner  indicated  above, 
that  is,  by  agitating  the  fuel  bed.  Poking  the  bed  tends  to  pack  it 
unduly  and  unevenly.  Vertical  stirs  would  cause  open  or  at  least 
weak  places  to  occur  in  their  wakes  through  which  air,  etc.,  may  more 
readily  pass.  The  proper  method  of  stirring  would  therefore  seem 
to  be  that  in  which  horizontal  stirrers  are  used,  and  these  should  have 
a  sufficient  rake  in  order  to  cause  the  fuel  bed  to  be  slightly  Ufted. 
Especially  is  this  true  where  the  down  draft  system  is  employed, 
on  account  of  the  greater  tendency  to  pack. 

8  The  principal  reason  for  admitting  steam  under  the  fuel  bed 
is  to  break  up  clinker.  This  function  is  performed  by  the  time  thp 
ash  pit  is  reached,  but  it  is  important  that  at  no  stage  preceding  that 
of  the  ash  pit  should  clinker  be  formed. 

9  A  matter  requiring  an  even  more  careful  consideration  in  the 
utilization  of  poor  fuels  in  producers,  is  perhaps  that  of  the  sulphur 
contents  in  the  fuel  with  the  attendant  destruction  of  pipe  Unes  due 
to  the  formation  of  sulphurous  acid  when  the  sulphur  gas  given  off 
comes  in  contact  with  water.  But  even  this  may  be  overcome,  either 
by  preventing  contact  of  the  gas  with  water  and  resorting  to  dry  puri- 
fication or,  if  the  proportion  of  sulphur  present  is  not  too  great,  by 
adding  the  iron-oxid-sawdust  "wash"  to  one  or  more  trays  in  the 
purifier. 

10  Reference  has  been  made  to  the  inability  to  get  large  over- 
load capacity  in  the  gas  engine  unit,  and  while  this  subject  may  be 
irrelevant  to  the  matter  under  discussion,  I  cannot  refrain  from  saying 
a  few  words  in  defense  of  the  system. 

11  I  will  grant  that  we  cannot  get  high  overloads  in  gas  engine 
units.  Gas  engines  are  commonly  rated  at  15  per  cent  overload, 
while  the  steam  engine  and  turbine  give  very  high  overloads.  The 
restriction,  in  the  case  of  the  gas  engine,  is  due  to  thermodynamic 
reasons  and  in  the  Otto  or  Clerk  cycles,  at  least,  we  may  expect  little 
relief  in  the  future,  but  need  this  deter  us  from  taking  advantage  of 
its  many  other  exceptional  features? 

12  The  inherent  thermal  advantages  of  the  gas  engine  can  never 
be  approached  by  any  form  of  steam  motor,  and  if  the  gas  generating 
apparatus  and  engine  receive  rational  treatment  in  their  design,  we 
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may  expect  the  required  floor  s])ace  to  ho  much  reduced  and  this  may 
Hkewise  be  said  of  the  cost. 

13  The  most  rational  way  therefore  to  take  advantage  of  the  good 
points  of  each  system  would  seem  to  be  in  designing  the  different 
units  for  tiie  functions  we  desire  them  to  exercise.  This  would  call 
for  gas  engines  for  the  uniform  loads  and  steam  turbines  for  the  fluctu- 
ating  loads,  in  plants  having  large  fluctuating  loads.  By  this  dual 
source  of  power  we  would  also  be  at  liberty  to  extend  our  refinement. 
The  jacket  water  used  in  the  gas  engines  could  be  fed  to  the  boilers. 
The  exhaust  gases  from  the  gas  engines  could  be  cooled  by  passing 
through  an  economizer  and  the  cooling  water  used  for  boiler  feed, 
with  the  added  result  that  we  would  not  be  troubled  by  any  noise  of 
exhaust. 

Mr.  Romyn  Hitchcock^  The  heat  value  of  gases  obtained  from 
fuels  containing  much  water  and  ash  is  surprising,  particularly  in 
view  of  the  natural  presumption  that  with  low  grade  fuels  in  a  pro- 
ducer it  would  be  necessary  to  pass  a  considerable  excess  of  air  through 
the  apparatus  to  maintain  combustion.  It  is  difficult  to  understand 
how  the  necessity  can  be  avoided  when  a  fuel  contains  a  considerable 
proportion  of  ash.  The  gasification  of  peat  containing  50  per  cent 
or  more  of  water  with  the  production  of  2500  cubic  meters  of  gas  of 
146  thermal  units  is  certainly  remarkable.  Presumably  the  gas 
carries  a  considerable  proportion  of  both  hj^drogen  and  nitrogen, 
the  presence  of  the  latter  making  the  gas  suitable  for  gas  engines  but 
less  desirable  for  heating.  For  while  lean  producer  gas  of  suitable 
composition  permits  of  most  effective  transformation  of  heat  energy 
into  power  in  gas  engines,  such  gas  is  not  relatively  more  desirable 
for  steam  generation  than  an  inferior  grade  of  solid  fuel,  and  Mr.  Junge 
refers  to  investigations  which  indicate  that  coal  with  40  per  cent  of 
ash  is  not  adapted  to  this  purpose. 

2  The  heat  values  of  gases,  as  shown  by  chemical  composition, 
are  not  always  proportionally  available  in  practice.  In  furnaces 
we  have  to  consider  primarily  flame  temperatures  and  the  concentra- 
tion or  distribution  of  heat.  As  regards  combustion  temperatures 
there  is  not  very  much  difference  between  hydrogen  and  carbon  mon- 
oxid,  for  while  a  pound  of  CO  burned  to  COj  generates  4325  thermal 
units  and  a  pound  of  H  burned  to  HjO,  62  000,  a  cubic  foot  of  each  of 
these  generates  respectively  only  319  and  327  units,  and  both  require 
the  same  volume  of  air  for  combustion.  A  gas  of  low  heat  value 
may  carry  sufficient  heat  energy  if  it  were  available,  to  run  a  furnace 
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or  a  steam  plant,  and  yet  be  practically  useless  for  the  purpose  unless 
pre-heated  by  regenerators,  being  in  this  respect  like  the  coal  referred 
to  containing  60  per  cent  of  combustibles.  Perhaps,  therefore,  the 
assumption  that  the  economic  solution  of  the  problem  of  firing  loco- 
motives with  peat  or  low  grade  fuels  is  to  be  found  in  the  use  of  gas 
producers,  is  not  well  taken. 

3  If  the  sensible  heat  of  gas  from  a  producer  cannot  be  utilized 
when  the  gas  is  burned,  it  would  seem  to  be  desirable,  for  all  purposes 
except  gas  engine  work,  to  increase  as  much  as  possible  the  volumetric 
heat  value  of  the  gas.  To  this  end  the  endeavor  should  be  to  utiHze 
the  hydrocarbon  constituents  of  fuels  by  converting  them  into  fixed 
gases.  A  practicable  means  of  producing  gas  from  low  grade  fuels 
containing  hydrocarbons  of  sufficient  heat  value  to  permit  of  distri- 
bution for  some  distance,  would  be  most  important.  Perhaps  in  this 
country  there  is  a  more  promising  immediate  field  for  the  apphcation 
of  such  a  process  than  there  is  for  the  general  utiUzation  of  the  dis- 
tillation by-products,  although  it  is  not  to  be  supposed  that  this  con- 
dition will  long  continue.  The  proposal  to  make  coke  from  peat  and 
to  utiUze  the  by-products  is  exceedingly  attractive.  In  this  case, 
I  understand,  the  by-products  are  of  a  nature  to  find  a  ready  market, 
and  the  process  is  deserving  of  earnest  consideration. 

Prof.  Wm.  Kent  It  is  a  great  benefit  to  the  future  industries  of 
this  country  that  such  men  as  Mr.  Junge  are  making  a  study  of  gas  pro- 
ducers and  gas  engines.  While  I  believe  that  such  a  study  is  bound 
to  eventuate  sometime  in  the  utilization  of  these  low  grade  fuels, 
I  also  agree  with  Dr.  Lucke  that  it  scarcely  seems  to  be  a  commercial 
proposition  at  this  time. 

2  Mr.  Junge  quotes  a  statement  from  Dr.  Siemens  to  the  effect 
that  raw  coal  should  not  be  used  for  any  purpose  whatever,  but  that 
it  should  be  first  converted  either  entirely  into  gas  or  into  gas  and 
coke.  That  statement  was  made  by  Dr.  Siemens  a  long  time  ago, 
and  a  great  deal  of  money  has  been  lost  by  men  who  followed  his 
ideas  and  attempted  to  run  boilers  with  producer  gas. 

3  Over  twenty  years  ago,  a  gentleman  who  had  been  misled  by 
what  Dr.  Siemens  said,  told  me  that  he  was  going  to  change  his 
steam  boiler  plant  over  and  was  going  to  run  his  boilers  by  gas  pro- 
ducers, and  I  predicted  that  he  would  fail  in  the  attempt,  which  he 
did.  There  is  no  better  way  to  run  a  boiler  than  to  burn  coal  in  a 
furnace  either  underneath  or  immediately  in  front  of  tlie  boiler  if  it 
is  burned  with  the  proper  supply  of  air. 

4  In  regard  to  the  possible  competition  of  gas  producer  and  gas 
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engine  plants  with  steam  engine  plants,  I  had  occasion  a  few  months 
ago  to  witness  a  test  of  a  600  horse  power  Babcock  &  Wilcox  boiler 
which  was  driven  to  between  1000  and  1200  horse  power  and  fed  auto- 
matically. The  results  were  remarkable;  stack  temperature  not 
very  high,  great  overload  capacity,  a  large  steam  and  unusually 
high  economy  of  fuel,  considering  the  heavy  load  turbine  occupy- 
ing very  Httle  space  and  running  at  a  very  small  cost  for  labor.  I 
remarked  to  a  friend  who  stood  by  "  This  postpones  the  day  of  the 
gas  engine,"  and  he  repUed,  "Yes,  it  does." 

5  There  is  no  engineer  in  the  world  today  who  would  attempt  to 
dupHcate  a  10  000  horse  power  steam  turbine  unit  with  a  gas  engine 
plant  with  the  same  first  cost  or  with  the  same  labor  cost.  It  might 
be  possible  to  save  a  little  on  fuel,  because  the  gas  engine  is  theoret- 
ically more  economical  than  the  steam  engine;  but  taking  the  combi- 
nations all  in  all,  it  is  very  difficult  to  see  how  the  advantage  of  steam 
can  be  overcome.  At  the  same  time  there  is  an  enormous  field  for 
the  gas  engine,  and  I  expect  great  results  from  it  in  the  future.  I  do 
not,  however,  like  this  idealizing  of  the  subject,  as  Dr.  Siemens  did, 
and  predicting  that  the  gas  engine  and  gas  producer  are  going  to 
wipe  out  the  steam  engine. 

Mr.  C.  G.  Atwater  In  connection  with  the  use  of  producer  gas, 
Mr.  Junge  brings  out  briefly  a  point  in  producer  gas  firing  that  has 
not,  perhaps,  received  all  the  attention  it  deserves.  Where  such  gas 
is  made  in  large  quantities  and  transmitted  any  distance,  it  is  essen- 
tial that  it  should  be  sufficiently  cooled  to  remove  the  moisture. 
The  writer  recalls  distinctly  a  large  installation  of  producers  designed 
to  provide  producer  gas  for  furnaces  of  peculiar  construction,  in 
which  entirely  inadequate  provisions  were  made  for  cooling  the 
gas.  The  consequence  was  that  the  gas  arrived  at  the  furnaces  at 
about  80  degrees  fahr.  and  contained  so  much  water  and  tar  that  the 
heats  produced  were  very  unsatisfactory.  At  another  plant,  oppor- 
tunity was  given  to  observe  closel}^  the  results  of  cooling  producer 
gas.  The  cooling  in  this  case  was  done  with  a  coke  scrubber  having 
several  trays  over  which  coohng  water  was  sprinkled.  On  warm 
summer  days,  when  it  was  difficult  to  get  the  temperature  below 
80  degrees  fahr.,  the  heat  fell  off.  On  colder  days,  when  the  cooUng 
was  more  efficient,  say  down  to  60  degrees  fahr.,  the  heats  were  main- 
tained with  ease.  As  the  curve  of  saturation  with  water  vapor 
changes  direction  rapidly  about  these  temperatures,  a  relatively 
small  reduction  in  temperature  ehminates  considerable  water,  and 
thus  adds  to  the  efficiency  of  the  gas. 
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2  In  his  discussion  of  coal  tar  oil,  Mr.  Junge  refers  to  benzol  as  a 
product  of  the  coal  tar  industry.  This  is  correct  in  part;  but,  as  a 
matter  of  fact,  the  main  source  of  benzol  is  not  the  coal  tar  industry 
but  the  gas  from  by-product  coke  ovens  which  has  already  been 
deprived  of  its  coal  tar.  The  coal  tar  plants  do  recover  a  certain 
amount  of  benzol,  but  their  output  is  small  compared  with  that 
produced  from  the  coke  oven  gas.  Although  the  use  of  benzol  as  a 
fuel  is  on  the  increase  in  Germany,  particularly  in  combination  with 
alcohol,  it  has  hardly  received  any  attention  at  all  in  this  country 
for  such  purposes;  its  uses  here  are  confined  almost  exclusively  to 
the  enriching  of  coal  gas  and  to  chemical  manufacture.  The  current 
English  price  of  90  to  50  degrees  benzol  in  large  quantities  is  about 
9d.  an  English  gallon  or  15  cents  a  U.  S.  gallon,  and  these  prices  may 
be  said  to  apply  also  in  Germany.  The  calorific  value  of  benzol  of 
the  commercial  90  degree  test  is  about  18  000  British  thermal  units 
per  U.  S.  gallon,  or  about  on  a  par  with  gasolene. 

3  The  production  of  benzol  in  Germany  is  about  10  000  000  gallons 
per  annum  chiefly  from  by-product  coke  ovens,  and  it  may  be  ques- 
tioned if  more  than  half  of  the  coal  coked  in  Germany  is  treated  for 
benzol  recovery.  The  amount  of  coke  produced  in  Germany  is 
given  as  22  287  000  net  tons  in  1906,  whereas  the  United  States  pro- 
duction of  coke  for  that  year  was  36  401  000  net  tons,  more  than  one 
half  as  much  again.  Yet  our  recovery  of  benzol  is  so  small  as  to  be 
practically  negligible.  It  is  quite  possible,  therefore,  that  the  devel- 
opment of  the  portable  internal  combustion  engine  may  depend  as 
much  on  the  recovery  of  benzol  in  the  future  as  upon  the  extent  to 
which  denatured  alcohol  is  manufactured,  in  view  of  the  diminishing 
supply  ^of  the  gasolene  now  almost  exclusively  used. 

4  Mr.  Junge  brings  out  in  an  interesting  manner  the  advantages 
that  the  producer  has  for  the  treatment  of  fuels  carrying  a  high  percent- 
age of  ash.  This  is  a  point  that  we  in  the  United  States,  where  high- 
grade  coal  is  so  plentiful,  have  given  but  little  attention.  It  is  a  fact 
that  the  ashes  from  the  domestic  fires  of  a  large  city  burning  mainly 
anthracite  coal  contain  as  high  as  50  or  60  per  cent  of  combustible 
matter,  and  it  is  far  from  being  an  idle  dream  that  this  waste  product 
might  readily  be  treated  by  some  simple  washing  process  and  the 
resulting  fuel  brought  to  a  better  purpose  than  the  filling  in  of  mud 
flats.  It  is  probably  in  this  high  fuel  content  of  ordinary  ashes  that 
the  promoters  of  the  so  called  ash  burning  compounds  have  found 
sufficient  success  in  their  experiments  to  entrap  the  unwary.  Indeed 
the  high  content  of  combustible  in  ashes  is  by  no  means  unknown  to 
many  industrial  plants,  particularly  where  bituminous  coal  is  gasified 
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in  the  ordinary  shell  producer.  The  writer  has  personally  seen  a 
very  fair  looking  pile  of  ashes  burning  successfully  on  a  boiler  grate, 
under  forced  draft,  the  steam  pressure  being  maintained  during  the 
time.  The  objection  to  such  fuel  is,  of  course,  the  additional  labor 
in  stoking  and  in  handling  the  ashes.  Gasification  in  a  producer 
would  probably  prove  a  better  method  of  recovering  the  combustibles 
in  the  ash.  Both  methods,  however,  are  open  to  the  suggestion  that 
an  equal  amount  of  trouble  and  expense  be  devoted  to  the  original 
methods  of  combustion  so  as  to  reduce  the  loss  of  fuel  in  the  ash  below 
a  point  where  it  would  be  economically  possible  to  recover  it. 

5  Mr.  Junge's  remarks  with  reference  to  the  gasification  of  peat 
containing  a  high  percentage  of  moisture,  are  particularly  interesting 
in  this  connection,  and  this  process  seems  to  the  writer  to  have  a 
more  favorable  outlook  than  any  method  of  using  peat  that  has  been 
brought  forward.  The  burden  under  which  all  these  processes  have 
hitherto  labored,  of  having  to  evaporate  30  or  40  per  cent  of  water  in 
order  to  make  their  fuel  at  all  combustible,  is  largely  removed  by 
the  process  he  describes.  The  United  States  Fuel  Testing  Plant  at 
Jamestown  has  made  experiments  wit-h  air-dried  briquettes  in  a  Taylor 
producer  and  has  found  that  the  gasification  was  almost  ideal  in  its 
operation  and  results,  there  being  practically  no  trouble  from  tar  or 
soot.  We  may  await  with  interest  further  information  as  to  the 
results  of  gasified  peat  in  a  Mond  producer,  to  which  its  characteris- 
tics seems  to  be  particularly  adapted. 

6  Regarding  the  utihzation  of  washer  refuse,  to  which  Mr.  Junge 
also  refers,  the  writer  found  it  possible  to  utilize  some  thousands  of 
tons  of  washer  slate  resulting  from  the  washing  of  Dominion  coal. 
This  waste  contained  from  20  to  40  per  cent  of  ash  and  was  burned 
under  boilers  Avith  an  admixture  of  50  per  cent  coke  breeze  by  the 
use  of  a  special  furnace  with  forced  draft.  The  economy  was  sufficient 
to  continue  this  method  until  the  available  supply  of  slate  was  ex- 
hausted. The  methods  and  results  were  fully  described  in  an  article 
to  which  reference  is  made.^  It  is  possible  to  use  coke  breeze  as  a 
fuel  under  boilers,  particularly  in  combination  with  more  or  less 
bituminous  coal,  provided  the  proper  methods  of  combustion  are 
resorted  to.  It  is,  however,  probable  that  a  better  use  can  be  made, 
as  Mr.  Junge  suggests,  by  gasifying  in  producers  or  briquetting  the 
by-product.  Coke  ovens  at  Detroit,  Michigan,  have  for  some  time  past 
lieen  engaged  in  briquetting  their  coke  breeze  and  bringing  their 
product  on  the  market  as  a  high  grade  fuel,  and  the  writer  is  informed 

1  Electrical  World,  vol.  49,  p.  659,  1906. 
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that  the  process  is  an  entire  success.  A  paper  recently  read  before 
the  Michigan  Gas  Association  by  W.  S.  Blauvelt,  states  that  they 
tried  successfully  briquettes  of  5  to  10  pounds,  then  1|  pound  later 
7  ounces  and  2^  ounces  each.  It  was  not  until  the  smaller  size  was 
arrived  at  that  they  were  found  successful  for  domestic  use.  The 
breeze  used  was  first  screened  through  a  ^  inch  mesh  and  dried  to  less 
than  1  per  cent  moisture.  The  pitcli  binder  was  crushed  to  chestnut 
size  and  mixed  in  proper  proportion  with  the  breeze,  and  the  whole 
pulverized  to  pass  through  a  ^  inch  screen.  It  was  then  heated  to 
about  170  degrees  fahr.,  with  direct  steam  and  was  passed  on  a  con- 
veyor, where  more  steam  and  a  little  water  were  added  to  give  the 
mixture  the  right  consistency  for  easy  handhng.  It  was  then  pressed 
in  a  cyUndrical  roller  press,  which  has  a  capacity  of  nine  tons  or  up- 
wards per  hour.  The  amount  of  pitch  binder  used  was  8^  to  9  per 
cent.  The  price  at  which  these  briquettes  are  sold  at  present  is 
about  $5  per  ton,  this  price  being  determined  by  the  ability  to  sell 
the  whole  production.  As  anthracite  coal  sells  for  $7  to  $7.50  a  ton, 
it  is,  however,  probable  that  the  demand  for  briquettes  will  later 
admit  of  an  increase  in  the  price  to  about  50  cents  a  ton  less  than  the 
anthracite. 

Mr.  W.  B.  Chapman^  The  Mond  by-product  process,  because  of 
the  excessive  amount  of  steam  used,  is  well  adapted  to  certain  coals 
having  an  ash  with  a  low  fusing  point;  but  the  Mond  'producer,  as 
at  present  constructed,  is  not  at  all  suited  to  caking  coals,  and  many 
of  our  bituminous  coals  cake  badly  in  a  hand  operated  gas  producer. 
Moreover,  the  by-product  recovery  business  is  not  Ukely  to  appeal 
to  many  of  our  large  users  of  power. 

2  My  experience  leads  me  to  beheve  that  because  a  certain  gas 
producer  is  said  to  be  a  complete  success  abroad,  it  will  not  necessarily 
prove  so  here.  Many  foreign  producers  discarded  by  American  users 
bear  witness  to  the  fact  that  American  coals  and  American  conditions 
present  problems  which  the  foreign  machines  have  apparently  not 
yet  solved. 

3  In  this  country,  for  large  central  stations  we  need  large  units 
that  will  operate  uniformly  and  continuously  with  a  tninimum  of 
labor  and  a  maximum  of  efficiency,  using  the  cheapest  fuels.  I  do  not 
believe  that  all  of  these  requirements  can  be  attained  in  a  hand  oper- 
ated gas  producer,  nor  yet  in  a  producer  having  an  automatic  feed, 
or  an  automatic  stirring  device  or  an  automatic  ash  plow.     If  all  of 

'  President,,  Chajjinaii  rio<lucer  Co.,  New  York. 


702  THE    KATIONAL    UTILIZATION    OF    LOW    GRADE    FUELS 

the  requirements  mentioned  are  to  be  met,  then  all  and  not  one  or 
two  of  these  operations  should  be  performed  mechanically  and  con- 
tinuously. 

4  The  government  tests  at  the  St.  Louis  Exposition  show  that 
the  average  ton  of  bituminous  coal  tested  contained  310  pounds  of  tar. 
In  other  words,  20  per  cent  of  the  energy  in  our  common  fuels  is  in  a 
form  that  cannot  be  utilized  at  all  for  power  gas  in  the  ordinary  type 
of  producer.  This  would  seem  to  suggest  the  down-draft  type,  in 
which  the  tar  is  converted  into  producer  gas.  The  down-draft  type, 
however,  presents  additional  problems  which  are  difficult  to  overcome 
in  a  hand  operated  producer. 

5  In  almost  all  lines  of  modern  industry  we  find  automatic 
machines  that  take  in  raw  material  at  one  end  and  deliver  a  continu- 
ous stream  of  finished  product  at  the  other,  while  what  waste  there 
is  passes  off  by  itself.  Eventually,  I  believe,  a  gas  producer  will  be 
evolved  for  large  units  that  will  take  in  fuel  mechanically  and  deliver 
automatically  and  continuously  an  even  flow  of  good  gas  and  a  con- 
stant stream  of  ashes. 

6  A  good  boiler-stoker  serves  as  an  automatic  feed,  an  automatic 
agitator  and  an  automatic  ash  remover.  If  it  is  advisable  to  per- 
form all  these  operations  mechanically  for  a  simple  grate  fire  that  is 
plainly  visible  and  easily  accessible,  how  much  more  desirable  it  is  in 
a  large  gas  producer  where  complicated  conditions  are  continually 
arising;  where  the  fuel  bed  is  ten  times  as  deep,  and  is  neither  visible 
nor  accessible.  An  even,  uniform  fire  under  a  boiler  is  desirable; 
but  an  even,  uniform  quality  of  gas  for  use  in  an  internal  combustion 
engine  is  imperative.  A  good  boiler  stoker  will  often  increase  the 
capacity  of  a  boiler  50  per  cent.  Mechanically  operating  a  gas  pro- 
ducer increases  its  capacity  from  100  to  200  per  cent. 

7  A  gas  of  uniform  thermal  value  is  the  first  essential  of  economi- 
cal combustion  either  in  a  gas  furnace  or  a  gas  engine.  To  obtain 
such  a  gas  from  bituminous  coal  it  is  imperative  that  the  producer 
be  operated  both  uniformly  and  continuously. 

8  We  do  not  hesitate  to  spend  large  amounts  in  the  endeavor  to 
increase  our  engine  efficiency  a  few  per  cent.  Meanwhile  we  should 
not  overlook  the  greater  possibilities  for  economy  which  lie  in  the 
mechanically  operated  large  gas  producer  for  low  grade  fuels. 

9  Our  more  expensive  fuels,  the  kind  that  are  now  being  success- 
fully gasified,  do  not  require  much  agitation  or  attention,  especially 
in  small  sized  producers;  but  my  experience  with  hand  operated  and 
mechanically  operated  producers,  using  or  attempting  to  use  the 
cheaper  fuels,  has  inclined  me  strongly  to  the  belief  that  complete 
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mechanical  operation  must  be  developed  and  worked  out  satisfac- 
torily in  this  country  before  we  can  say  that  the  gas  producer  offers  an 
entirely  adequate  solution  for  the  rational  utilization  of  our  low 
grade  fuels. 

Mr.  L.  R.  Pomeroy  In  the  northwestern  section  of  this  country 
lignite  coal  is  located  in  a  district  where  the  water  is  very  bad  indeed 
for  boilers.  As  a  matter  of  fact  there  are  certain  water  tanks  where 
if  an  engine  should  take  water  from  them  it  would  go  "dead"  in  a 
forty-mile  run.  The  consequence  is  that  locomotives  on  that  partic- 
ular division  do  not  pull  more  than  one-half  of  the  rating  or  of  the 
tonnage  that  they  do  on  other  divisions  where  the  water  is  more 
favorable.  The  hgnite  coal  in  this  particular  section  is  entirely  out 
of  question  for  fuel  under  stationary  or  locomotive  boilers. 

2  The  St.  Louis  United  States  Government  tests,  which  with 
Ugnite  coal  of  about  36  per  cent  moisture  were  able  to  show  a  con- 
sumption of  little  over  three  pounds  of  coal  per  horse  power  hour  is 
very  interesting  in  this  connection  from  the  standpoint  of  the  possi- 
bility of  generating  gas  power  and  possible  electrical  operation;  and 
it  occurred  to  the  speaker  that,  in  other  districts  where  the  water  is  of 
like  character  and  difficult  to  get  satisfactory  results,  it  has  put  a 
premium  on  the  further  utilization  of  the  power  of  low  grade  coal 
through  gasification. 

Mr.  J.  R.  BiBBiNS  This  subject  presents  a  number  of  extremely 
interesting  phases,  not  only  in  steam,  but  in  gas  power  application. 
I  wish  to  refer  particularly  to  the  low  grade  fuel  produced  in  enormous 
quantities  at  the  various  anthracite  colHeries  that  appears  to  be  largely 
unmarketable. 

2  Low  grade  bituminous  coal,  such  as  the  poorer  lignites  and 
and  mine  refuse,  presents  a  problem  quite  distinct  from  that  of  anthra- 
cite refuse.  The  Jahns  producer  has  been  mentioned  in  this  connec- 
tion, from  wliich  excellent  results  have  been  obtained  in  Germany, 
some  of  the  coals  running  as  high  as  70  per  cent  non-combustible. 
This,  on  its  face,  would  almost  indicate  a  solution  of  the  bituminous 
producer  problem,  but  we  learn  that  all  fuels  possessing  the  obnox- 
ious coking  qualities  (such  as  tend  to  form  a  soUd  mass  in  the  pro- 
ducer and  impede  the  progress  of  the  blast  gases)  are  unfit  for  use  in 
this  producer.  This  disqualification  puts  the  damper  on  our  enthusi- 
asm for  bituminous  producer  work,  which  the  average  European  finds 
it  difficult  to  understand  in  regard  to  American  practice.  The  relative 
character  of  coals  appears  to  be  the  point  at  issue  rather  than  the 
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type  dt"  producer,  nnd  in  the  last  analysis  tho  most  successful  pro- 
ducer will  ho  that  adapted  to  the  use  of  the  cheapest  form  of  bitumi- 
nous coal,  such  as  Pittsburg  or  Illinois  slack. 

3  With  this  digression,  we  return  to  the  subject  of  anthracite, 
and  it  ma}'  be  of  interest  to  the  Society  to  know  of  some  results  that 
have  been  obtained  in  a  practical  producer  test^  having  for  its  object 
the  determination  of  the  operating  qualities  surrounding  the  use  of 
these  fuels.  It  may  have  some  bearing  upon  the  subject  to  say  that 
our  attitude  was  consistently  negative,  and  the  tests  were  made 
purely  in  the  interest  of  a  large  coal  operator  who  desired  to  market 
his  low  grade  product  in  the  form  of  electricity  conveyed  by  long- 
distance transmission  to  centers  of  consumption,  rather  than  in  the 
form  of  small  sized  coal  for  which  the  market  is  neither  stable  nor 
lucrative.  Part  of  the  product,  culm,  cannot  be  marketed  at  all, 
and  it  is  constantly  accumulating  at  an  embarrassing  rate. 


FIG.  1     SAMPLES  OF  BUCKWHEAT,  RICE  AND  BARLEY;  RICE  AND 
BARLEY;  AND  CULM,  RESPECTIVELY 

4  The  samples  available  for  test  are  shown  in  Fig.  1  and  comprise 
mixtures  of  No.  1,  2  and  3  buckwheat  in  the  proportions  regularly 
delivered  by  the  breaker,  it  being  the  idea  to  expend  no  effort  what- 
ever in  attempting  accurate  sizing.  At  this  breaker.  No.  1  buck- 
wheat passes  through  a  nine-sixteenths  inch  screen,  and  No.  3  or  barley 
over  a  three-thirty-seconds  inch  screen,  the  remainder  being  culm.  Of 
these  sizes,  two  series  were  tested;  the  first,  freshly  mined  coal,  and 
the  second,  crushed  coal  from  the  surface  of  an  old  "slate"  pile  con- 
taining 200  000  tons  that  had  weathered  for  20  years,  but  with  appar- 
ently very  Uttle  deterioration.  The  latter  contained  some  "bone," 
but  Httle  slate,  and  on  the  present  market  would  probably  pass  as  a 
fair  grade  of  coal.  Practically  the  same  results  were  obtained  from 
both  .series  of  samples.     The  smaller  sizes  analyzed  as  follows: 

*  Made  in  the  producer  ga3  testing  department  of  the  Westinghouse  Machine 
Company,  East  Pittsburg,  Pa. 
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Rice  and  barley.  Culm. 

Per  cent  Per  cent 

Moisture 8.2  3.43 

Volatile  matter 5.73  4.87 

Fixed  carbon 62.72  61 .07 

Ash 23.35  30.63 


100.00  100.00 

British  thermal  units  per  pound 10  918  6748 

Through  one-sixteenth  inch  screen,  per  cent 9 .  16  84.0 

Sulphur 2.34 

5  These  mixtures  were  tested  in  a  500  h.p.  standard  pressure 
producer,  operated  in  connection  with  the  gas  engine  testing  plant. 
No  alterations  were  made  in  the  plant  to  accommodate  the  smaller 
size  fuel,  and  the  same  producer  men  w^ere  employed,  although 
none  of  them  had  had  previous  experience  with  small  low  grade 
fuel. 

6  The  tests  extended  over  a  period  of  several  weeks'  duration. 
As  buckwheat  was  standard  producer  fuel,  and  had  already  been 
used  successfully  in  large  quantities,  no  attempt  was  made  to  screen 
out  this  size.  The  buckwheat  mixture,  therefore,  proved  quite  satis- 
factory. No  bad  clinker  developed,  and,  w^th  ordinary  care,  the 
fuel  bed  could  be  kept  in  good  condition  and  normal  gas  generated. 

7  It  was,  however,  found  desirable  to  reduce  the  usual  depth  of 
fuel  bed  about  25  per  cent,  to  lower  the  resistance  to  the  blast,  but, 
other  than  a  slightly  higher  blast  pressure,  results  were  not  appreci- 
ably different  from  those  obtained  with  the  coarser  fuel.  The  pro- 
ducer was  handled  carefully,  but  no  more  so  than  in  the  case  of  normal 
operation. 

8  The  accompanying  log.  Fig.  2,  shows  the  results  obtained  upon 
the  eighth  day  of  this  continuous  run  on  rice  and  barley.  Note  that 
this  log  covers  a  continuous  period  of  seven  hours,  and  that  the  uni- 
formity of  the  results  obtained  is  the  best  indication  of  their  accuracy. 
Short  time  tests  are  always  open  to  criticism  by  reason  of  the  fact 
that  the  results  are  so  much  more  subject  to  internal  influences, 
especially  variations  in  the  methods  of  charging  coal.  Note  that 
the  total  heat  value  only  is  shown  on  this  log. 

9  A  day's  trial,  with  a  mixture  of  culm,  rice  and  barley,  soon  indi- 
cates the  inad\dsability  of  using  straight  culm,  which  was  practically 
dust  and  showed  a  natural  tendency  to  pack  the  fuel  bed  more  than 
ordinary  blast  pressures  could  overcome,  and  as  it  was  apparent  that 


706 


THE    RATIONAL    UTILIZATION    OF    LOW    GRADE    FUELS 


successful  operation  for  any  lenjith  of  time  would  be  problematical, 
involving  more  care  than  the  low  market  value  of  the  fuel  would  war- 
rant, this  fuel  was  abandoned. 

10  During  the  succeeding  days  of  the  test,  the  producer  was  run 
on  a  rice  and  barle}"  mixture,  by  some  new  men  who  were  furnished 
with  no  special  instructions  as  to  the  method  of  handUng  the  producer. 
Naturally  the  results  were  not  as  good,     Nevertheless,  the  full  engine 


a  10  11    A.M.  12    P.M.    12  3  4 

FIG.  2     LOG  OF  PRODUCER  TEST,  LOW  GRADE  ANTHRACITE 


load  was  maintained  as  usual.  The  following  table  gives  a  fair  exam- 
ple of  the  gas  made  by  these  "green"  operators,  as  compared  with 
that  possible  with  careful  operation,  as  shown  by  the  log. 

GAS   AN.iLYSES 

Fair  gas  Good  gas 

Per  cent  Per  cent 

Carbon  dioxid 9.4  9.6 

Carbon  monoxid 14.6  17.8 

Methane 1.2  1.2 

Hydrogen 16.9  21.9 

Nitrogen 57 . 9  49 . 5 

Total  British  thermal  units  per  cubic  foot 115.5  142.5 

Effective  British  thermal  units  per  cubic  foot 105 . 0  127 . 0 


11     A  large  variation  in  producer  output  with  this  fuel  need  have 
no  effect  upon  the  heat  value  of  the  gas,  providing  the  blast  is  con- 
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trolled  ;iiit()in;if iciilly.  Tlio  ;ic('<)in|);iiiyiiig  log,  Fig.  3,  shows  the 
results  obtained  during  two  hours  of  a  run  ^^^th  this  jwint  in  view. 
During  tiiis  j)erio(l  coal  was  charged  onh'  once;  the  Iieat  value  aver- 
aged 131  B.t.u.  total  per  cuinc  foot,  vraying  only  3.75  per  cent  from 
the  mean.  With  the  instantaneous  changes  in  output  shown  by  the 
lower  curve  and  the  practical  uniformity  of  the  gas,  the  point  is 
clearly  proved. 

CONCLUSIONS 

12  With  careful  operation,  a  buckwheat,  rice  and  barley  mixture 
will  produce  a  gas  quite  equal  in  heat  value  and  uniformity  to  stand- 
ard gas  made  from  pea  anthracite.     With  the  rice  and  barley  mix- 
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OPERATING  ON  500  H.P.  PRODUCER 


ture  alone,  a  gas  as  low  as  100  B.t.u.  may  be  expected  at  times, 
and  should  be  provided  for  in  the  design  of  the  gas  power  equip- 
ment. Gas  engine  ratings  should  manifestly  be  based  upon  such 
cylinder  sizes  as  will  be  sufficient  to  insure  full  load  with  the  poorest 
gas  allowable.  Undoubtedly  present  standard  producer  and  engine 
ratings  might  be  adhered  to  with  careful  and  intelligent  operation. 
This  is  quite  true  with  the  buckwheat  mixture,  but  with  finer  mix- 
tures conservative  engineering  dictates  sHghtly  lower  ratings,  especi- 
ally in  mining  regions  where  low  priced  labor  must  be  reckoned  with. 
This  departure  from  present  standards,  however,  is  a  matter  for  indi- 
vidual consideration  and  not  necessarily  broadly  applicable. 

13  Now  the  question  arises:  Whether  commensurate  results 
may  be  obtained  from  this  low  grade  anthracite  burned  under  steam 
boil6rs,  and  if  so,  will  the  gas  engine  proposition  be  outclassed  in  the 
financial  balance  sheet?  My  observations  at  the  collieries  where  this 
fuel  is  produced  leads  to  a  negative  conclusion,  as  far  as  comparative 
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operating  costs  are  concerned.  At  this  plant  a  mixture  of  rice  ■with  a 
little  barley  is  used  on  a  flat  herringbone  grate  with  three-sixteenths 
inch  openings,  with  a  grate  surface  ratio  of  one-thirty-fifth,  the 
average  firing  rate  is  only  13.8  lb.  per  square  foot  of  grate  surface 
per  hour  and  with  induced  draft  of  one  to  two  inches  in  the  flues. 
One  fireman  cannot  handle  conveniently  more  than  450  h.p.  capac- 
ity, or  about  one  gross  ton  per  hour.  A  test  with  rice  on  a  300 
h.p.  hoiizontal  return  tube  boiler  gave  an  evaporation  of  6.23  lb. 
per  pound  of  dry  coal  and  about  75  per  cent  rating.  This  is  equivalent 
to  an  average  evaporation  of  about  5.75  lb.  as  actually  fired. 

14  In  general  terms,  the  subject  seems  to  present  the  following 
aspects : 

a  Hand  firing  is  a  practical  necessity,  involving  at  least  three 
times  the  labor  required  for  producers  equipped  with  coal 
handling  machinery ; 

b  Boiler  efficiencj^  decreases  rapidly  with  sizes  below  one- 
fourth  inch,  probably  averaging  not  over  50  per  cent  with 
a  rice  and  barley  mixture; 

c  Boiler  capacity  is  similarly  affected,  affording  little  or  no 
forcing  capacit}'; 

d  The  effect  of  ash  in  large  percentages  has  a  far  more  serious 
effect  on  boiler  than  on  producer  efficiency  and  capacity. 
Mr.  W.  L.  Abbott's  valuable  experimental  work  with 
bituminous  screenings,  illustrates  this  in  a  striking  man- 
ner. He  has  shown,  however,  that  within  reasonable 
limits,  low  grade  bituminous  coal  can  be  used  successfully 
and  stoker  fired.  A  recent  test  at  full  boiler  rating  on  an 
800  horse  power  double  fired  boiler  equipped  with  Roney 
stokers  has  also  shown  good  results  with  buckwheat 
anthracite  containing  as  much  as  23  per  cent  ash;  a  firing 
rate  of  20  lb.  per  square  foot  of  grate  surface  per  hour; 
a  boiler  efficiency  of  75.6  per  cent,  and  an  equivalent  evap- 
oration of  8.77  lb.  per  pound  of  dry  coal. 

15  Thus  a  certain  part  of  the  low  grade  fuel  fields  is  available  for 
steam  purposes  with  mechanical  stoking,  but  it  seems  conservative 
to  limit  the  boiler  to  No.  1  buckwheat  size  for  the  most  effective 
results.  Below  this  size  the  producer  evidently  finds  a  special  and 
fortunate  application. 

16  Finally,  a  word  as  to  .sizing.  Mr.  Coxe  (Report  of  Pennsyl- 
vania Coal  Commission)  has  shown  that  a  most  confusing  state  of 
affairs  exists  in  this  regard.     At  the  time  of  this  investigation  bv  the 
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various  operators  there  were  in  use  12  different  specifications  for 
pea,  15  for  buckwheat,  16  for  rice,  5  for  barley  and  16  for  culm,  the 
latter  varying  from  a  one-sixteenth  inch  round  to  a  three-eighths  inch 
square  mesh.  Both  wire  screen  and  punched  plate  were  in  use  with 
square,  round,  oblong  and  slotted  apertures,  these  varying  from  30 
to  100  per  cent  in  diameter  for  supposedly  the  same  size  coal.  Obvi- 
ously, the  only  remedy  for  this  muddle  is  a  rigid  standardization, 
and  until  such  mutual  action  is  taken,  the  customer  must  familiarize 
himself  with  local  standards  of  the  various  collieries. 

17  In  regard  to  the  trend  of  the  preceding  discussion  on  the  gen- 
eral use  of  low  grade  fuels,  I  believe  Professor  Lucke's  remarks  are 
not  representative  of  present  conditions,  or  at  least  do  not  carry  the 
proper  inference.  The  relative  "expensiveness"  of  two  power  propo- 
sitions, involves  operating,  as  well  as  fixed  charges.  Admittedly,  the 
gas  power  equipment  is  at  present  more  expensive  in  first  cost,  but 
in  the  great  majority  of  cases  (excepting  only  those  of  exceedingly 
low  fuel  cost  and  loading  factor),  it  quickly  makes  up  for  the  deficiency 
by  reducing  the  operating  costs. 

18  I  cannot  agree  with  Professor  Lucke  that  the  equipment  labor 
cost  is  much  higher  in  the  gas  generating  than  in  the  steam 
generating  plant,  as  I  have  pointed  out  above  in  the  case  of 
low  grade  anthracite.  The  specific  instance  he  cites,  in  which 
the  producer  labor  was  abnormally  high,  does  not  apply,  in  the 
least,  to  a  well  managed  plant.  When  it  is  considered  that  in  a  pro- 
ducer plant,  only  one-half,  if  not  a  smaller  percentage,  of  the  total 
fuel  tonnage  of  an  equivalent  steam  plant  has  to  be  handled,  and  this 
practically  by  gravity,  the  injustice  is  apparent;  and  only  in  the  case 
of  a  comparatively  large  installation,  where  fuel  is  handled  entirely 
by  good  mechanical  stokers,  will  a  steam  plant  be  able  to  rival  its 
competitor  in  economy  of  labor.  With  high  grade,  double  acting 
gas  engines,  in  which  lubrication  is  accomplished  entirely  by  auto- 
matic means,  where  is  the  opportunity  for  the  abnormal  expense 
charged  against  the  gas  plant?  Simply  because  some  small  gas  instal- 
lation of  any  given  type  happens  to  require  the  same  number  of  men 
that  would  suffice  for  a  plant  perhaps  twice  as  large,  it  is  illogical  to 
inveigh  against  the  gas  proposition  as  a  whole.  In  the  early  stages 
of  gas  power  development,  which  naturally  involved  small  sizes  of 
apparatus,  criticism  of  this  kind  was  frequent,  but  with  the  estab- 
lishment of  larger  plants,  the  opportunity  for  normal  economy  in 
labor  arose.  There  is,  of  course,  considerable  difference  between  the 
operation  of  a  simple  anthracite  plant,  involving  no  auxiliaries,  and 
a  bituminous  plant  requiring  either  periodical  fuel  bed  renewal  or 


710  THE    RATIONAL    UTILIZATION    OF    LOW    GJiAUE    FUELS 

iiulepeiuleut  purifying  auxiliaries.  Bituminous  practice  is,  however, 
rapidly  crystallizing  into  more  simplified  operation,  and  even  at 
present  bears  out  the  above  contention. 

19  Furthermore,  I  maintain  that  an  adequately  designed  pro- 
ducer can  show  far  better  results  as  to  continuity  of  operation  than 
the  average  boiler  plant.  A  fundamental  necessity,  of  course,  is  a 
water-sealed  type  of  producer,  permitting  gradual  and  uniform  dis- 
integration of  fuel  to  ash  without  necessitating  the  renewal  of  fires  at 
week-ends.  An  instance  will  suffice,  a  500  horse  power  producer 
installation  at  Jersey  City,  using  small  anthracite.  I  am  informed  at 
first  hand  by  the  engineer  in  chief  that  one  of  the  producers,  installed 
in  1898,  was  in  operation  21  to  24  hours  per  day  for  a  period  of 
six  years  and  ten  months  without  the  fires  ever  having  been  drawn. 
And  only  then  was  a  shut  down  necessary  because  the  coal  feeding 
bell  had  rusted  off  at  its  point  of  suspension  and  fallen  into  the  fuel 
bed  from  which  it  could  not  be  recovered  without  drawing  the  fires. 
Incidentally,  the  producer  hning  was  found  to  be  practically  intact, 
and  as  soon  as  the  bell  was  replaced,  the  producer  was  put  back  into 
service.  This  clearly  indicated  the  possibilities  of  the  water-sealed 
type  of  producer. 

20  Nor  has  the  gas  engine  shown  inferior  results.  A  four  months' 
operating  record  from  a  Kansas  cement  mill  shows  the  following 
results  from  engines  of  standard  Westinghouse  construction: 

'      -xj      ,  I         Size  Total  run  Engine 

Type  of  engine  «,'^i»<f      i   brake  horse       per  cent  of       repairs,  per 

odiiipies  power  total  time         cent  of  time 

Four  months  run:  i 

Horizontal  double  acting 3                     500                  95.6                    0.63 

Two  months  run:  f  125  1 

Vertical,  single  acting 13           ,      -j    to    [■             97.95                  1.13 

[  1 300  J       j                         1 

21  When  it  is  considered  that  up  to  January,  1907,  one  manu- 
facturer alone  had  equipped  69  producer  plants,  located  in  all  parts 
of  the  world,  varying  in  size  up  to  3000  horse  power,  many  of  them 
having  been  in  operation  from  five  to  seven  years,  it  does  not  seem 
reasonable  to  term  the  gas  power  system  as  commercially  unfeasible. 

Mr.  W.  H.  Blauvelt  When  the  American  engineer  goes  to  Ger- 
many to  study  these  processes  for  the  utilization  of  low  grade  fuels 
he  must  remember  that  in  this  country  the  chemical  manufactures 
are  by  no  means  in  the  advanced  state  that  they  are  in  Germany,  for 
tne  working  up  of  the  by-products.     We  have  here  almost  no  chemical 
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manufacturing  of  the  more  refined  products  of  tar,  such  as  the  various 
colors  and  dyes,  or  the  many  coal  tar  medicines.  We  may  almost  say 
that  our  manufacture  of  tar  products  hardly  goes  beyond  the  first 
crude  distillation  of  the  tar,  with  the  production  of  pitch  and  creosote 
oil.  During  the  last  few  years  a  very  important  percentage  of  the 
total  tar  production  of  the  country  has  been  burned  as  fuel,  on  account 
of  there  being  no  other  demand  for  it.  I  recently  visited  a  manu- 
facturing works  which  was  burning  daily  from  20  000  to  30  000 
gallons  of  tar  under  its  boilers,  on  account  of  there  being  no  market. 
Now  we  hope  that  these  conditions  will  improve,  and  some  of  us  are 
doing  a  good  deal  of  hard  work  with  that  object  in  view,  but  they  do 
exist  at  present. 

2  Compared  wath  the  continent  of  Europe,  the  market  for 
ammonia  in  this  country  is  very  small,  and  the  great  European 
demand  for  sulphate  of  ammonia  for  fertilizers  is  comparatively 
unknown  here.  These  conditions  must  be  kept  carefully  before  us 
in  our  study  of  methods  for  the  utilization  of  low  grade  fuels.  More- 
over, we  must  remember  that  tar  made  in  the  gas  producer  is  not  of 
the  same  quality  as  that  produced  by  direct  distillation,  as  in  the  gas 
works.  Producer  tar  is  the  product  of  partial  combustion,  and  is 
essentially  different  in  composition,  containing  more  of  the  paraffines, 
'for  example,  and  less  of  the  valuable  creosotes,  anthracenes,  etc. 
The  pitch  has  not  the  same  cementing  qualities,  and  must  be  con- 
sidered as  a  comparatively  inferior  article  to  good  coal  tar  pitch.  It 
is  more  like  the  pitch  produced  in  the  Scotch  blast  furnaces,  for 
instance. 

3  Dr.  Lucke  referred  to  the  relative  cost  of  gasifying  coal  in  pro- 
ducers versus  direct  firing  for  boilers.  I  wish  to  second  Mr.  Bibbins' 
rejoinder  that  the  case  does  not  stand  so  strongly  against  the  gas 
producer,  especially  if  we  accept  as  a  fact  Mr.  Junge's  presentation 
that  gas  producers  can  be  adapted  to  the  very  low  grades  of  fuel  which 
could  be  procured  for  a  lower  cost  than  fuels  suitable  for  direct  firing 
under  the  boiler.  I  agree  with  Mr.  Bibbins  that  the  cost  of  operating 
producers  and  handling  coal  for  them  can  be  very  greatly  improved 
over  the  figures  ordinarily  obtained  in  producer  plants.  I  believe 
that  a  large  producer  plant  of  proper  design  can  be  operated  with 
lower  labor  cost  than  a  direct  fired  boiler  plant.  I  think  it  has  been 
definitely  shown  that  the  superior  economy  in  boiler  firing  with  gas 
more  than  makes  up  for  the  loss  of  efficiency  in  the  producer  in  the 
gasification  of  the  coal. 

4  In  connection  with  the  utilization  of  low  grade  fuels,  I  wish  to 
call  the  attention  of  the  Society  to  the  commercial  beginning  of  the 
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briquetting  industry  in  this  country.  The  United  States  Government 
Testing  Plant  at  St.  Louis,  and  several  private  briquetting  instal- 
lations have  made  some  definite  steps  forward  in  this  industry.  There 
have  been  some  especially  interesting  demonstrations  of  the  usefulness  of 
briquetting  in  making  valuable  the  great  deposits  of  lignites  in  the 
West.  I  have  seen  these  lignites  briquetted  at  St.  Louis  which  did 
admirable  work  in  steam  production,  and  which  would  stand  exposure 
to  the  elements  for  a  year  without  injury,  while  the  original  lignite 
would  crumble  to  a  fine  powder  within  a  fortnight.  Briquettes  are 
also  being  made  commercially  from  the  small  sizes  of  anthracite  at 
Scranton.  The  entire  product,  I  understand,  is  now  being  sold  to 
railroads  for  locomotive  use.  There  are  other  installations  in  Detroit, 
Kansas  City,  and  on  the  Pacific  coast,  each  briquetting  the  local  fuel, 
and  preparing  them  to  meet  the  local  demands.  The  process  of 
briquetting  is  in  itself  a  simple  one,  although  each  fuel  has  certain 
conditions  which  must  be  very  accurately  met  and  maintained,  in 
order  to  produce  good  results.  I  believe  we  may  expect  to  see  by  the 
development  of  this  industry  a  very  important  utilization  of  many 
of  the  fuels  now  nearly  useless. 

Mr.  R.  Klein^  Mr.  Junge  advocates  to  the  American  Nation, 
rather  than  to  the  responsible  and  enterprising  individual,  to  install 
the  fuel  saving  gas  power  plants,  on  the  assumption  that  the  fuel  cost 
of  a  power  plant  is  by  far  the  largest  single  item  of  its  operating 
expense.  This  is  the  case  in  Germany  where  a  gas  power  plant  can 
be  built  for  $100  and  even  less  per  rated  kilowatt;  a  steam  plant  for 
$70;  and  where  a  good  grade  of  coal  of  12  000  British  thermal  units 
costs  $1.90  per  ton  at  the  mine  and  lignites  of  about  7500  British 
thermal  units  cost  $1.25.  In  places  distant  from  the  mine,  these 
prices  increase  rapidly  on  account  of  the  high  freight  charges  and,  as 
a  fair  average,  we  can  figure  that  the  coal  first  mentioned  costs  $4  a 
ton  and  the  other  one  $3.  In  this  country,  where  the  conditions  are 
entirely  different,  it  would  not  be  economical  to  put  in  a  gas  power 
plant  whose  character  of  operation  would  be  such  as  to  render  its 
installation  advisable  in  Germany.  We  will  find  that  under  Ameri- 
can conditions,  not  the  fuel  cost,  but  the  fixed  charges  on  the  installa- 
tion play  the  most  prominent  part  in  the  operating  expenses  of  a 
power  plant.  This  is  especially  true  in  the  regions  of  the  low  grade 
fuels.  A  comparison  between  a  medium  size  complete  gas  power 
plant,  equipped  with  producers  for  bituminous  coal,  and   horizontal 
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double  acting  gas  engines  and  a  modern  steam  plant  equipped  with 
steam  turbines,  etc.,  both  able  to  carry  a  peak  load  of  3000  kilowatts, 
will  prove  this, 

2  Another  basis  than  that  of  a  peak  load  in  this  comparison  does 
not  seem  fair,  as  the  stations  must  have  sufficient  power  in  them  when 
called  upon.  In  cases  of  less  load  we  have  to  divide  the  work  among 
the  engines  to  the  greatest  advantage  in  each  station.  Prof.  Charles 
E.  Lucke  points  this  out  in  his  interesting  paper  on  power  cost  read 
before  the  American  Electrochemical  Society  in  February,  1907.    ..t^ 

3  For  further  comparison,  the  cost  at  which  the  unit  of  power, 
one  kilowatt-hour,  can  be  produced  shall  be  the  basis  on  which  will  be 
decided  what  kind  of  plant  will  be  the^most  economical.  The  cost 
per  kilowatt-hour  equals  the  operating  expenses  of  the  plant,  divided 
by  the  output  ranging  over  a  whole  year. 

4  It  should  be  understood  that  these  figures  necessarily  cannot 
be  universally  correct,  as  they  do  not  take  local  conditions  into  con- 
sideration with  the  exception  of  the  price  of  coal  and  the  load  factor. 
However,  they  are  accurate  enough  to  be  adopted  as  a  general  basis 
for  this  country. 

5  The  cost  of  a  complete  gas  power  plant,  including  building  and 
foundations,  coal  ^handling  apparatus, '  crane,  power  house  cables, 
conduits  and  switchboard  is  per  kilowatt  of  peak  load  S130.  For  a 
similar  turbine  plant  this  figure  would  be  $70.  Assuming  the  peak 
load  50  per  cent  above  normal  rating  of  station  the  prices  per  rated 
kilowatt  would  be  respectively  $195  and  $105. 

6  Where  natural  or  blast  furnace  gas  is  available,  the  cost  of 
the  gas  power  plant  per  kilowatt  drops,  respectively,  to  $135  and  $143, 
on  account  of  the  omission  of  a  producer  plant.  In  the  cost  of 
the  blast  furnace  gas  plant,  $8  per  rated  kilowatt  is  included  for 
the  gas  cleaning  plant.  As  the  application  of  a  plant  running  on 
blast  furnace  gas  depends  too  much  on  local  conditions,  we  only 
include  the  natural  gas  plant  in  this  comparison.  The  appraising  of 
the  blast  furnace  gas  varies  greatly  in  different  plants,  as  is  pointed 
out  clearly  by  Mr.  H.  Freyn,  in  his  valuable  paper  on  "Blast  Fur- 
nace Gas  Power  Plants,"  presented  before  the  Western  Society  of 
Engineers,  December  1905. 

"^7  Although  on  account  of  the  greater  stresses  on  the  material  of 
gas  engines,  the  depreciation  on  the  same  should  be  assumed  higher 
than  with  the  steam  turbines,  we  rate  the  fixed  charges  for  both 
plants  alike,  that  is,  10  per  cent  on  buildings  and  15  per  cent  on 
machinery. 

8     In  the  fuel  consumption  per  kilowatt-hour  we  assume  that  a 
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gas  power  plant  averages  1.75  pounds  and  a  steam  plant  3.5  pounds 
of  bituminous  coal  of  14  500  British  thermal  units. 

9  The  figure  for  the  gas  engine  plant  cannot  be  very  much  im- 
proved as  the  producers  cannot  be  made  of  larger  capacity  than 
are  used  in  the  2000  kilowatt  station  and  as  the  higher  mechanical 
efficiency  of  larger  engine  units  is  offset  by  lower  thermal  efficiency, 
on  account  of  increase  in  ratio  of  cylinder  volume  to  cylinder  cooling 
surface,  which  does  not  permit  as  high  a  compression  as  with  smaller 
engines.  For  steam  engine  plants  of  larger  sizes  the  figure  of  3.5 
pounds  of  coal  per  kilowatt-hour  can  be  decreased  considerably,  also 
the  fixed  charges  when  units  of  5000  to  10  000  kilowatts  are  installed. 
The  large  stations  in  New  York  City  are  producing  their  power  over 
30  per  cent  cheaper  than  this  estimate  gives. 

10  For  fair  comparison  an  allowance  is  made  for  coals  of  other 
heating  values.  Still  there  may  be  a  difference  in  boiler  efficiency 
on  account  of  percentage  of  ashes  in  the  coal,  which  may  range  from 
70  per  cent  to  60  per  cent  with  ashes  ranging  from  5  per  cent  to  30 
per  cent. 

11  With  poor  grades  of  coal,  provision  should  be  made  for  larger 
grate  areas  than  is  customary  with  the  higher  grades.  We  do  not 
account  for  this  difference  in  efficiency,  as  most  modern  gas  producers 
show  a  difference  along  the  same  lines. 

12  Efficiency  for  producers  burning  cokes  or  anthracite  is  80  per 
cent,  bituminous  coal  and  briquettes  with  tar  combustion  75  per  cent, 
bituminous  coal  without  tar  combustion  65  per  cent. 

13  The  efficiency  of  a  producer  drops  with  the  load  in  a  similar 
manner  as  that  of  a  boiler;  at  three-quarter  load  the  efficiency  is  96 
per  cent  of  that  at  full  load;  at  one-half  load  it  is  92  per  cent  and  at 
one-quarter  load  it  is  75  per  cent. 

14  In  the  following '  table  it  is  assumed  that  a  gas  engine  plant 
consumes  18  cubic  feet  of  natural  gas  of  1000  B.  t.  u.  per  kilowatt 
against  a  consumption  of  50  cubic  feet  of  a  steam  plant.  The  rated 
capacity  of  the  plant  is  2000  kilowatts. 

15  The  two  most  important  variable  items  deciding  the  choice  of 
the  type  of  plant  are  the  load  factor  and  the  price  of  fuel,  or  rather 
the  product  of  the  two,  which  we  will  call  the  fuel  factor.  Assuming 
100  per  cent  load  factor  as  unity  in  this  product  and  $1  per  ton  of 
bituminous  coal  of  14  500  British  thermal  units  per  pound  also  as 
unity,  the  fuel  factor  of  a  plant  running  under  these  conditions  is 
unity  as  in  the  first  example  for  coal;  in  the  second  case  it  is  2,  in  the 
third  case  1;  in  the  first  and  third  example  it  is  2.95  for  natural  gas. 

16  Fuels  of  less  heating  value  are  appraised  accordingly.     If  coal 
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i)f  J  (J  000  British  thermal  units  costs  90  cents  and  the  load  factor  of 
the  station  is  30  per  cent,  the  fuel  factor  is: 
14  500 


10  000 


X  0.90  X  0.3  =0.4 


TABLE  1 
Comparative  Operating  Economy  for  Ga.s  and  Steam  Power  Stations 
Rated  Capacity  2000  kw. 


Type  of  Station. 
Fuel 


GAS   POWER 


STEAM  POWER 


Coal       Nat.  Gas        Coal         Nat.  Gas 


Price  of  coal  delivered  on  the  urate 
$1  per  ton,  gas  10  cents  per  1000 
cu.  ft.  unit  load  factor. 

Fuel  factor 1 

Fixed  charges  on  buildings   10  per 

cent 8  000 

Fixed  charges  on  machinery  15  per 

cent 46  500 

Office  and  engine  room  labor 6  800 

Repairs I  6  900 

Oil  and  waste 5  600 

Cost  of  fuel 15  400 

Total  operating  cost 89  500 

Cost  per  kilowatt-hour 0 .  51c. 

If  the  price  of  the  coal  were  $2,  and 
of  the  gas  6 . 8  cents  the  figures 
would  be: 

Fuel  factor 2 

Total  operating  cost 104  900 

Cost  per  kilowatt-hour 0.60 

For  coal  $2,  gas  20  cents  they  would 
be  at  one-half  load  factor: 

Fuel  factor 1 

Total  operating  cost sa 

Cost  per  kilowatt  hour 1 .  02c. 


2  .  95 

1 

2.95 

5  000 

4  600 

4  GOO 

33  000 

24  600 

24  GOO 

6  800 

6  800 

6  800 

2  600 

4  300 

4  300 

5  600 

3  800 

3  800 

32  000 

30  800 

89  000 

85  000 

74  900 

133  100 

0.485c. 

0.43c. 

0.76c. 

2 

2 

2 

75  000 

105  700 

105  700 

0.43c. 

0.605c. 

0.605c. 

'As  price  of  coal  is  figured  delivered  on  the  grate,  boiler  room  labor  is  omitted. 
^.\  little  deduction  in  expenditures  could  be  made  for  repairs  and  oil  and  waste 
in  this  last  case,  but  would  change  the  comparison  only  to  a  small  extent. 
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17  Natural  gas  can  be  appraised  similarly.  Gas  of  6.8  cents  per 
1000  cubic  feet  of  1000  British  thermal  units  and  load  factor  of  100 
per  cent  gives  a  fuel  factor  of: 

as  assumed  in  the  second  example. 

18  The  figures  show  that  in  the  natural  gas  regions,  the  gas  plant 
wins  out  as  long  as  the  fuel  factor  is  higher  than  0.45,  corresponding 
to  a  price  of  gas  of  1.5  cents  and  unit  load  factor  or  three  cents  and 
one-half  load  factor  or  six  cents  and  one-quarter  load  factor,  etc. ; 
that  is  in  most  practical  cases  except  when  the  gas  is  idle  at  the  well. 
They  also  show  when  a  steam  plant  using  coal  should  be  installed  in 
regions  where  natural  gas  is  available. 
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FIG.  1 

Showing  the  Cost  Per  Kiloavatt-Hoi^k  at  Unit  Load  Factor 

For  any  other  load  factor  the  amount  given  should  be  divided  by  the  same. 
Ex.\mple:   1.5  fuel  factor  and  one-half  load  factor  gives  0.56  :  ^  =  1.12  c.  cost 
per  kw-hr. 

19  We  see  further  that  plants  using  coal  with  a  fuel  factor  of  2 
and  over  call  for  application  of  gas  engines,  while  with  a  smaller  factor 
a  steam  plant  is  necessary  to  get  the  most  economical  results.  On 
this  basis  an  engineer  may  advocate  a  gas  plant  and  a  steam  plant 
next  door  to  each  other,  basing  his  advice  solely  upon  the  fuel  factor. 
The  coal  being  of  the  same  price  it  is  the  load  factor  that  decides 
between  the  two  types  of  plants.  For  instance,  in  a  case  of  coal  at 
$3  and  the  load  factor  of  the  station  90  per  cent,  or  a  fuel  factor  of 
2.7,  a  gas  engine  plant  would  be  ad\dsable;  in  the  same  locality  in  a 
factory  running  full  load  during  ten  hours  of  the  day,  hence  having 
the  fuel  factor  of  1.25,  a  steam  plant  would  be  most  economical. 

20  In  the  regions  of  the  low  grade  coals  of  this  country  where  the 
bituminous  slack  coal  may  be  bought  for  40  cents  a  ton  at  the  mine 
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or  for  $1  at  points  over  100  miles  distant  from  it,  an  expensive  gas 
plant  would  not  be  advisable,  even  if  provisions  were  made  for  by- 
product recovery.  Mr.  Junge  gives  us  an  excellent  description  of 
this  progress,  but  tar  and  its  oils  which  he  seems  to  consider  by  far 
the  most  important  of  these  by-products  are  hardly  marketable  in 
this  country;  in  fact  most  of  the  gas  plants  burn  their  tar  under  boilers 
because  they  cannot  sell  it  to  advantage. 

21  In  these  regions  the  fuel  factor  cannot  be  larger  than  2  unless 
the  coal  delivered  on  the  grate  costs  at  least  $2  per  ton,  which  is 
seldom  the  case,  and  then  the  fuel  factor  would  be  2  only  for  plants 
running  full  load  day  and  night.  In  view  of  these  figures  it  would 
be  decidedly  a  mistake  to  install  gas  power  plants  with  by-product 
recovery  in  any  of  the  regions  of  the  low  grade  coals  and  the 
charge  of  Mr.  Junge  to  the  American  people  of  lack  in  technical 
training  and  industrial  fore-thought  on  account  of  not  installing 
this  kind  of  plant,  should  at  least  be  minimized. 

22  It  will  not  do  in  this  country  to  start  a  briquetting  business 
with  an  output  of  4.2  tons  a  day  to  receive  $3  per  ton  for  briquettes 
instead  of  55  cents  per  ton  for  coal  dust.  The  cost  and  difficulty  of 
manufacturing  briquettes  puts  them  behind  in  competition  with  coal; 
this  is  also  the  case  with  the  large  deposits  of  peat  which  are  found 
in  this  country. 

23  Mr.  Junge  concludes  by  saying  that  the  rational  utihzation  of 
coals  requires  the  adoption  of  gas  producers  and  gas  driven  central 
stations.  This  may  all  be  true,  but  we  have  not  only  to  consider  the 
utilization  of  coals  but  also  that  of  capital  and  labor.  Capital  in  the 
cost  of  the  plant,  labor  in  the  manufacture  of  the  machinery.  The 
recent  panic  shows  clearly  that  capital  invested  too  lavishly  in  new 
enterprises  is  more  detrimental  to  a  country  than  the  consumption  of 
somewhat  greater  quantities  of  fuel  where  this  is  abundant. 

24  The  natural  resources  of  this  country  are  so  abundant  that 
even  while  America  consumes  9000  pounds  of  coal  and  700  pounds 
of  iron  per  capita  per  year  against  7000  pounds  of  coal  and  320  pounds 
of  iron  for  Germany,  the  corresponding  saving  in  capital  invested 
and  labor  cost  is  such  as  to  place  the  American  to  a  greater  financial 
advantage  over  his  German  competitor.  Besides,  the  American 
should  not  forget  that  he  pays  yearly  a  fairly  high  interest  on  the 
mortgage  on  his  business  in  the  shape  of  a  dividend  to  the  European 
shareholders  of  American  stocks. 

Mr.  R.  E.  Mathot  The  very  elaborate  paper  of  Mr.  Junge  deals 
almost  entirely  with  theoretical  suggestions  and  general  considerations 
regarding  the  efficiency  of  gas  motive  power.     Perhaps  it  may  not  be 
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out  of  place  to  describe  here  a  little  practical  device,  the  use  of  which 
may  lead  to  economy  in  the  operation  of  gas  plants  by  securing  a  method 
of  watching  the  nature  of  combustion  in  the  gas  engine's  cylinder. 

2  If  combustion  is  complete,  owing  to  perfect  mixture,  which 
affords  high  efficiency,  the  exhaust  gases  should  not  contain  any 
unburned  gas  such  as  CO.  The  presence  of  this  gas  in  very  small 
proportions  in  the  exhaust  can  be  detected  by  a  simple  appliance. 
A  small  glass  flask,  about  two  inches  in  diameter  and  four  inches 
high,  closed  Avith  a  cork,  through  which  pass  two  vertical  tubes,  is 
used  for  collecting  some  of  the  exhaust  gas.  One  of  the  tubes  is  con- 
nected to  the  exhaust  pipe  of  the  engine,  while  the  end  is  plunged  in 
mercury  about  one  inch  deep  in  the  flask.  As  soon  as  the  connec- 
tion between  the  exhaust  pipe  and  the  flask  is  e.stablished,  some 
exhaust  gas  will  be  blown  into  the  flask  at  each  stroke,  and  the  mer- 
cury, operating  as  a  check-valve,  will  prevent  it  from  being  with- 
drawn. The  air  contained  in  the  flask,  and  afterward  the  exhaust 
gas,  will  be  expelled  through  the  second  pipe  open  to  atmosphere  and 
ending  inside,  at  the  top  of  the  flask. 

3  To  detect  CO,  which  is  contained  in  the  exhaust  gas  contin- 
uously rushing  through  the  flask,  a  small  piece  of  white  blotting 
paper  is  hung  in  the  flask,  the  paper  being  previously  prepared  by 
dipping  five  or  six  times  in  a  solution  of  double  chloric!  of  palladium 
and  sodium  of  such  concentration  as  to  give  a  dark  brown  color,  and 
drying  after  each  immersion. 

4  If  there  is  more  than  1  per  cent  of  CO  in  the  exhaust  gases,  the 
paper  will,  in  two  or  three  minutes,  lose  its  bright  brown  color  and 
become  gray.  This  shows  insufficient  air  in  the  mixture  for  combus- 
tion, which  can  be  corrected  at  the  mixing  valve. 

5  I  have  been  interested  in  the  competition  between  the  gas 
and  steam  engine,  but  I  do  not  agree  with  those  who  affirm  that 
the  gas  plant  will  drive  the  steam  engine  from  the  field.  On  the 
contrary,  I  am  of  the  opinion  that  both  kinds  of  motive  power  will 
grow  side  by  side  and  even  stimulate  each  other  to  greater  improve- 
ments. 

6  In  a  series  of  articles  contril^uted  to  the  Engineering  Magazine 
at  the  beginning  of  this  year,  I  described  several  installations  of 
steam  and  gas  plants  to  meet  different  conditions.  Gas,  steam, 
liquid  fuel  or  water,  as  sources  of  motive  power,  each  possesses  quali- 
ties better  adapted  to  some  special  purpose  than  the  others. 

7  The  low  figure  attainable  in  a  suction  gas  plant  of  0.7  lb.  of 
anthracite  per  brake  horse  power  hour,  has  been  met  by  the  corre- 
spondingly low  figure  of  1.35  lb.  of  bituminous  coal  in  a  steam  plant. 
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Such  steam  plants  are  not,  of  course,  common,  and  the  figure  given 
refers  to  a  type  of  semi-portable  engine,  made  by  two  well  known 
German  firms,  H.  Lanz  in  Manheim  and  R.  Wolf  in  Magdebourg, 
with  a  self-contained  boiler,  the  engine  being  mounted  upon  the  boiler 
which  supports  its  chimney  stack. 

8  The  boiler  is  of  the  horizontal  tirpe  with  internal  corrugated 
furnace  from  which  extends  a  set  of  fire-tubes.  The  furnace  and 
tubes  are  a  removable  system.  The  single  or  double  superheater  is 
placed  immediately  behind  these  tubes,  in  the  fire-box,  so  that  super- 
heating is  obtained  by  the  heat  of  the  gases  before  passing  to  the 
chimney.  The  engines  are  horizontal,  of  the  piston-valve  slide  type, 
and  are  made  single,  compound  or  triple  expansion  with  single, 
double  or  triple  superheating  ranging  from  300  deg.  to  350  deg.  cent. 

9  The  very  low  consumption  is  mainly  due  to  the  high  efficiency 
of  the  boiler  and  superheating  arrangement,  although  the  heating  sur- 
face is  small;  to  the  high  working  pressure;  to  the  absence  of  steam 
pipes;  the  high  speed  of  the  engines  and  high  grade  workmanship. 

10  The  following  figures  are  abstracts  of  a  test  that  has  been 
recently  made  on  one  of  these  semi-portable  engines. 

Brake  horse  power 150 

Mechanical  efficiency 92  per  cent 

Initial  steam  pressure 180  lb.  sq.  in. 

Steam  vaporized  per  pound  coal 8.5 

Gross  consumption  bituminous  coal  per  brake  horse 

power  hour 1 .  22  lb. 

Heat  values  of  said  coal 14  500  B.  t.  u. 

Ash 6.2  per  cent. 

1 1  Another  test  on  a  300  h.  p.  engine  has  shown  even  better  results. 
Full  data  of  the  experiments  and  the  illustration  of  these  engines 
have  been  published  in  Power. 

12  It  is  proposed  by  Mr.  Wolf  to  do  still  better  and  he  is  building 
a  500  h.  p.  triple  expansion,  semi-portable  engine,  with  triple  super- 
heating; that  is,  the  steam  is  separately  superheated  before  entering 
each  cylinder.     He  expects  the  following  results: 

Working  horse  power 500 

Initial  steam  pressure 215  lb. 

Heating  surface 815  sq.  ft. 

Gross  coal  consumption  per  brake  horse  power  hour. .  .     0 .  99  lb. 
Steam  per  brake  horse  power  hour 8 .  15  lb. 

Dr.  J.  A.  Holmes  In  discussing  this  admirable  and  interesting 
paper,  it  is  perhaps  appropriate  that  I  should  allude  to  points  in  it 
bearing  directly  upon  the  fuel  investigations  undertaken  by  the  U.  S. 
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Geological  Survey  at  the  St.  Louis  Exposition,  and  which  have  been 
more  or  less  continued,  in  part,  under  the  supervision  of  the  represen- 
tatives of  this  Society.  I  desire  particularly  to  call  your  attention  to 
that  phase  of  the  investigation  dealing  with  waste  that  has  taken  place 
in  mining,  and  in  the  utilization  of  both  high  grade  and  low  grade 
fuels  in  this  country. 

2  The  investigations  that  have  been  conducted  at  St.  Louis,  at 
Norfolk  and  at  Denver,  during  the  past  three  years,  had  for  their 
cardinal  puipose  the  comparison  of  one  character  of  fuel  with  another, 
determining  their  heating  values  and  how  each  might  be  used  most 
efficiently.  It  was  hoped,  and  in  part  only  was  that  hope  realized, 
that  these  engineering  investigations  would  give  us  results  even  more 
valuable  than  they  were;  but  the  equipment  which  we  were  compelled 
to  use  in  the  beginning  was  selected  because  it  was  available  under 
the  provisions  of  the  appropriation  by  Congress;  and  because  it 
represented  the  ordinary  powei  plant  in  use  in  the  United  States. 

3  Our  recent  investigations  of  the  waste  in  coal  mining  indicate 
that  often  30  to  40  per  cent  of  the  coal  is  still  being  left  underground 
as  pillars;  and  that  in  many  cases  from  one-sixth  to  more  than  one- 
third  of  a  given  bed  of  coal  is  being  left  underground  because  of  its 
high  content  of  ash  or  sulphur.  In  certain  mines  the  amount  of  coal 
left  unmined,  exceeded  75  per  cent  of  the  total  and  the  average 
result  is  that,  taking  the  countr}^  as  a  whole,  at  least  50  per  cent 
of  the  possible  coal  supply  is  being  left  undei  the  ground  and  unre- 
coverable. This  means  a  loss  of  400  000  000  tons  of  coal  per  annum 
which  at  the  low  price  of  S6.50  per  ton  is  a  loss  of  $200  000  000  each 
year. 

4  This  50  per  cent  of  the  total  possible  coal  product  referred  to 
as  being  left  underground  includes,  besides  the  supporting  pillars,  also 
the  low  grade  parts  of  the  coal  beds  and  the  adjacent  overl3'ing  bed 
of  coal  damaged  in  mining  the  lower  beds.  This,  like  the  loss  of 
the  90  to  95  per  cent  of  the  heat  units  in  converting  the  coal  into 
work,  will  probably  never  be  entirely  preventable,  but  every  decided 
advance  along  either  of  these  lines  is  a  distinct  gain  and  contributes 
both  to  the  present  and  the  future  welfare  of  the  nation.  The  coun- 
try's fuel  bill,  taking  the  fuel  in  the  furnace,  now  aggregates  the 
enormous  sum  of  more  than  $1  500  000  000.  The  keeping  down  of 
this  bill,  and  lessening  the  $200  000  000  waste  in  mining  are  two  of  the 
problems  the  Geological  Survey  is  trying  to  aid  in  solving. 

5  Now  we  have  found  that  the  percentages  vary  all  the  way  from 
20  to  50  per  cent  ash  in  the  so  called  low  grade  coals.  I  recall  one 
case  in  particular  in  which  out  of  a  possible  25  foot  vein  of  coal  only 
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4  ft.  were  taken  out  because  of  indifference  in  mining,  and  the 
rest  left  underground  and  practically  destroyed.  The  thoughtless- 
ness with  which  coal  miners  have  gone  to  work  mining  the  lower  beds 
and  allowing  cave-ins  to  follow,  has  had  the  lesult  of  leaving  the 
coal  in  the  higher  beds  unmined  and  practically  lost  because  of  the 
caving-in  of  the  adjacent  strata.  In  West  Virginia  and  in  Ohio,  and 
.in  various  other  places,  the  cost  of  mining  has  been  greatly  increased, 
entirely  out  of  proportion  to  the  amount  of  coal  that  has  been  mined. 
If  with  greater  cost  there  is  a  corresponding  increase  in  efficiency  and 
less  waste  in  mining,  the  country  is  benefited  to  that  extent. 

6  I  desire  to  call  attention  to  the  possibility  of  utilizing  these 
coals  by  the  location  of  plants  at  the  mines,  thus  avoiding  the  cost 
of  transportation.  Consider  as  a  single  illustration  the  Pennsylvania 
Railroad,  which  uses  40  000  tons  of  coal  every  day  in  its  own  locomo- 
tives. If,  as  is  now  being  suggested,  all  of  that  powei  for  operating 
these  trains  be  generated  in  power  plants  located  at  or  near  the  mines 
from  low  grade  fuels  now  not  utilized  at  all,  we  shall  see  an  enormous 
gain  in  the  direction  of  a  solution  of  our  fuel  problems ;  and  our  prob- 
lem of  transportation  would  be  vastly  lessened.  On  the  Pennsylvania 
Railroad  800  cars  now  used  each  day  for  hauling  coal  for  the  use  of  its 
locomotives  might  be  used  for  tiansporting  ordinary  articles  of  com- 
merce. Consider  for  a  moment  what  the  application  of  this  same  plan 
would  mean  to  the  100  000  000  tons  to  coal  now  annually  consumed 
in  our  locomotives. 

7  Very  few  persons  realize  that  so  rapidl}'  is  the  fuel  industry 
developing  that  during  each  succeeding  decade  for  the  past  85 
years  the  amount  of  coal  mined  and  used  in  the  United  States 
has  equaled  that  of  all  the  preceding  decades.  Thus  the  amount 
of  coal  mined  between  1895  and  1905  was  neaily  equal  to  that  mined 
and  used  during  the  preceding  75  years.  Now,  there  has  not  been  a 
corresponding  increase  in  efficiency,  nor  has  there  been  so  marked  a 
gain  in  the  utilization  of  the  low  grade  materials.  What  we  are  doing 
at  the  present  time  is  skimming  the  surface,  using  the  high  grade  coals 
and  leaving  the  deeper  coals.  Therefore,  we  are  approaching  a  con- 
dition where  our  coal  cost  will  be  greatly  increased  and  the  amount 
of  available  high  grade  coal  very  much  diminished.  No  one  can  now 
say  when  that  time  will  come,  but  we  should  see  to  it  that  our  coal 
supply  will  last  longer  than  that  of  any  other  country.  We  must 
awaken  to  the  fact  that  our  high  grade  coals  are  passing  so  rapidly 
that  coal  lands  used  for  supplying  coke  and  for  other  special  purposes 
in  Maryland  and  in  West  Virginia  cannot  be  purchased  in  many  sec- 
tions for  less  than  $1500  to  $4000  an  acre.     These  high  grade  coking 
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coals  should  be  reserved  for  the  manufacture  of  iron  and  steel  and 
other  metallurgical  pui  poses.  The  spirit  of  wastefulness  is  abroad 
in  the  land,  developed  from  the  luxurious  wealth  of  the  countiy, 
until  one  can  hardl}^  realize  the  extent  of  it.  Recently  a  party  of 
mining  engineers  visiting  one  of  the  great  lead  and  zinc  mining 
camps  of  the  country  found  that  fully  50  per  cent  of  the  possible  sup- 
ply is  left  unmined  or  wasted  in  processes  of  treatment.  The  sam^ 
thing  ajjplies  equall}'  well  and  just  as  truh^  to  other  mineral 
resources  of  the  country. 

8  I  may  say,  in  conclusion,  that  while  these  investigations  have 
been  in  part  under  the  supervision  of  this  and  the  allied  engineering 
societies,  the  President  of  the  United  States  has,  in  his  message  to 
Congress,  recommended  the  establishment  by  the  Government  of  a 
special  bureau  for  mining  and  engineering  investigation,  in  which  the 
work  initiated  at  St.  Louis  may  be  placed  upon  a  higher  plane  as  to 
equipment  and  facilities  for  investigations.  It  is  proposed,  further- 
more, that  this  new  bureau  shall  be  under  the  Department  of  the 
Interior  and  working  in  cooperation  with  the  Greological  Survey, 
and  shall  be  even  more  largely  than  heretofore  under  the  supervision 
of  the  National  Advisory  Board  made  up  of  representatives  of  national 
engineering  societies  and  other  allied  bodies,  who,  together  with 
those  chiefs  of  government  bureaus  who  have  to  do  with  actual  con- 
struction work  would  give  advice  as  to  the  wise  direction  for  the 
energies  of  the  new  bureau  and  its  larger  work. 

Mr.  H.  H.  Suplee  In  regard  to  the  performance  of  the  Wolf 
engine,  of  which  Mr.  Mathot  spoke,  I  think  there  is  no  doubt  about 
its  very  high  efficiency.  I  had  occasion  some  time  ago  to  examine 
some  data  and  results  of  tests  on  some  of  these  engines  made  by 
Professor  Gutermuth,  and  the  performance  corresponded  very  closely 
to  the  figures  given  b}^  Mr.  Mathot. 

2  The  high  efficiency  in  this  case,  I  think,  is  largely  due  to  the 
eUmination  of  transmission  losses.  It  was  shown  at  the  Chattanooga 
meeting,  and  also  by  the  experiments  of  Dr.  Bemer  in  Germany,  that 
superheated  steam  loses  its  heat  very  rapidly.  In  the  Wolf  engine, 
the  steam  passes  first  through  a  coil  superheater  in  the  smoke  box, 
where  the  greatest  amount  of  heat  is  received,  and  from  thence  the 
steam  passes  directl}^  to  the  high  pressure  cylinder.  Then  there  is  a 
similar  reheater  between  the  high  and  low  pressure  cylinders,  and 
again  a  very  short  connection,  and  the  engine  is  practically  working 
with  steam  which  corresponds  very  closely  to  what  Professor  Rankine 
calls  "steam  gas."     Mr.  Mathot  speaks  of  steam  temperatures  cor- 
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responding  to  300  deg.  cent.,  or  572  deg.  fahr.,  and  at  such  tempera- 
tures the  steam  is  so  far  removed  from  the  saturation  point  as  to  be 
practically  a  gas. 

3  Such  engines  really  hold  a  sort  of  intermediate  place  between  the 
steam  engine  and  the  gas  engine,  and  should  be  so  considered,  and 
their  performance  bears  out  this  classification. 

4  I  think  that  the  results  of  Mr.  Mathot  with  the  Wolf  engine  are 
fully  confirmatory  of  those  obtained  by  Professor  Gutermuth. 

Prof.  C.  E.  Lucke  It  appears  that  I  did  not  make  myself  quite 
clear  in  my  previous  remarks  in  discussing  the  question  of  labor  cost 
in  firing. 

It  was  not  my  intention  to  give  the  impression  that  I  believe 
a  gas  producer  costs  more  to  fire  than  a  boiler  when  operated  with 
favorable  fuel.  I  do  not  think  so  at  all.  The  point  I  wanted  to  bring 
out  was  that  when  we  attempt  to  pass  from  favorable  gas  producer 
fuel  to  unfavorable  then  the  cost  of  firing  increases  very  rapidly. 
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DUTY  TEST  ON  (JAS  POWER  PLANT 

A  Report  of  a  Duty  Test  of  the  Gas  Power  Plant  of  the 
Norton  Co.,  Worcester,  Mass. 

By  G.  I.  ALDEN,  WORCESTER,  MASS., 

AND  J.  R.  BIBBINS,  PITTSBURG,  PA. 

Members  of  the  Society 

The  following  report  summarizes  the  tests  conducted  on  Monday, 
Tuesday  and  Wednesday,  June  24,  25  and  26,  1907,  at  the  works  of 
The  Norton  Company,  on  a  complete  producer  gas  power  plant  serv- 
ing the  works  with  Ught  and  power.  This  plant  comprises,  as  its 
essential  features,  a  500  horse  power  Westinghouse  horizontal,  double 
acting  gas  engine  with  a  300  kilowatt  direct  connected  direct 
current  generator  and  a  bituminous  gas  generating  unit  of  the  inter- 
mittent type  and  corresponding  capacity,  built  by  the  Power  and 
Mining  Machinery  Company.  The  test  was  purely  a  service  run 
under  the  regular  operating  conditions  prevaiUng  at  the  plant,  and 
with  the  power  equipment  in  charge  of  the  regular  operating  force. 
Load  was,  however,  maintained  during  the  night  periods,  6:00  p.m. 
to  7:00  a.m.,  in  order  to  shorten  the  test  and  eliminate  the  necessity 
of  correcting  for  more  or  less  intangible  losses. 

2  The  test  was  executed  conjointly  by  The  Norton  Company, 
under  the  general  direction  of  Mr.  Geo.  I.  Alden,  and  by  The  Westing- 
house  Machine  Company,  represented  by  Messrs.  J.  R.  Bibbins  and 
Daniel  Armistead.  In  consequence  of  their  general  interest  in  the 
subject,  The  Power  and  Mining  Machinery  Company  and  the  Ameri- 
can Steel  and  Wire  Company  very  kindly  furnished  skilled  observers 
from  their  respective  engineering  staffs  to  assist  in  obtaining  the 
required  data.  A  complete  schedule  of  observers  is  presented  in  the 
appendix,  and  acknowledgment  is  here  tendered  these  gentlemen  for 

Presented  at  the  New  York  Meeting  (December  1907)  of  The  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of  the 
Transactions. 
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their  efficient  and  painstaking  assistance.  Computations  from  the 
data  secured  were  made  by  The  Westinghouse  Machine  Company, 
as  above  represented,  subject  to  subsequent  revision  and  approval 
in  the  present  final  form  by  The  Norton  Company. 

OBJECTS    OF   TESTS 

3     The  principal  object  was  to  determine: 

A  The  heat  efficiency  of  the  plant  over  a  long  cojitinuous  run 

at  approximately  full  load. 
Incidentally,  other  related  data  were  readily  available,  and  were 
accordingly  included  in  the  investigation. 

B  Heat  efficiency  of  the  gas  engine  at  various  loads. 

C  Mechanical  efficiency  of  the  gas  engine. 

D  Water  consumption  of  the  gas  engine. 

E  Oil  consumption  of  the  gas  engine. 

F  Speed  regulation. 

G  Thermal  heat  balance  of  the  complete  plant. 

H  Characteristics  of  gas  produced,  extent  of  variations  in 

calorific  value  and  analysis. 
I  In  general,  the  normal  operating  quahties  of  the  engine  and 

the  practicability  of  the  complete  producer  gas  plant  for 

power  purposes. 

DIGEST    OF   RESULTS 

a  Full  load  test,  51  hours  duration,  continuous  run  without 
service  interruptions  of  any  kind;  average  load  11  per 
cent  above  generator  rating,  or  practically  full  engine 
rating  332  kw.,  483  b.h.p. 

h  Fractional  load  tests  by  the  holder  drop  method;  runs  made 
at  five  different  loads,  from  no  load  to  full  engine  rating. 

c  A  load  of  600  h.p.,  sustained  for  a  short  time  without  abnor- 
mal drop  in  speed. 

d  Average  coal  consumption  at  the  producer,  1.4  lb.  per 
kw-hr.,  equivalent  to  0.97  lb.  per  b.h.p.  hr.,  using  Clear- 
field bituminous  run-of-mine,  (14  321  B.t.u.  per  lb.). 

e  Average  heat  consumption  at  the  engine,  10  100  B.t.u.  per 
b.h.p.  hr.  at  full  load;  10  200  B.t.u.  per  b.h.p.  hr.  at  aver- 
■  age  test  load,  equivalent  to  25.29  per  cent  thermal  effi- 
ciency at  full  rating. 

/  Mechanical  efficienc}-,  full  rating,  83.8  per  cent,  average 
test  load,  83.5  per  cent. 

g  Average  water  consumption  for  engine  only,  9.74  gal.  per 
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b.h.p.  hr.  with  66  degrees  fahr.  inlet  temperature  and  47.1 
degrees  fahr.  rise,  equivalent  to  9.4  gal.  per  b.h.p.  hr.  at 
full  rating. 

h  Average  cylinder  oil  consumption,  1.44  gal.  per  24  hours, 
equivalent  to  0.6  gal.  per  operating  day,  or  3.2  gal.  per 
operating  week. 

i  Speed  regulation,  no  load  to  full  load,  2.5  per  cent  above 
and  below  mean. 

j  Average  producer  efficiency,  74.4  per  cent  at  full  load;  73.8 
per  cent  at  average  test  load — both  based  upon  lower  or 
effective  heat  value  of  gas. 

k  Producer  gas,  average,  114.6  effective  B.t.u.  during  51- 
hour  test;  maximum  variation  11.5  per  cent  above  and 
below  mean.  Difference  between  total  effective  heat 
values — about  41  per  cent. 

4  Summarizing  the  general  results:  The  test  reveals  a  satisfac- 
tory attainment  of  results.  Not  only  does  the  engine  alone  show  good 
operating  efficiency,  but  the  plant  as  a  whole,  judged  by  standards 
of  steam  plant  practice,  using  perhaps  one-third  of  the  coal  required 
for  steam  power.  The  absence  of  interruptions  from  any  cause 
points  to  a  condition  of  general  reliability  sufficient  for  the  character 
of  service  rendered.  Especially  is  this  the  case,  inasmuch  as  the 
power  equipment  was  not  put  into  prime  condition  for  testing;  so 
that  the  test  represents  a  certain  part  of  a  normal  week's  run  after 
six  months'  regular  daily  operation. 

DISCUSSION    OF   RESULTS 

5  Two  independent  tests  were  run  for  the  purpose  of  providing 
data  for  segregating  the  efficiencies  of  the  various  parts  of  the  plant; 
one,  a  51-hour  continuous  load  test  to  determine  the  coal,  water  and 
oil  consumption,  and  the  mechanical  efficiency;  the  other,  the  holder 
drop  series  to  determine  the  net  heat  consumption  of  the  engine  at 
various  loads.  The  methods  of  conducting  both  series  and  observ- 
ing all  quantities  are  treated  in  detail  in  the  appendix  (and  see 
general  plan  of  test,  Fig.  1.) 

HOLDER    DROP    TESTS 

6  This  series  is  of  particular  interest,  as  it  affords  a  measure  of 
the  engine  efficiency  at  fractional  loads  vnthout  independent  adjust- 
ment of  detail  parts  for  each  load  condition;  that  is,  it  represents  the 
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efficiency  occurring  on  regular  shop  load  when  fluctuating  between 
the  usual  limits.  Under  the  conditions,  the  holder  drop  method 
was  the  most  convenient  and  accurate  method  of  determining  the 
efficiency  characteristic,  and  in  fact  the  only  one  by  which-the  engine 
efficiency  could  be  definitely  segregated, 

7     Table  1  summarizes  the  essential  data  for  plotting  Fig.  2.     Here 


FIG.  1     ARRANGEMENT  OF  APPARATUS 


TABLE  NO.  1     HOLDER  DROP  TESTS 
Summary  of  Results 


Duration  of  run,  min. 


11 


10 


10 


10 


Load;  per  cent  eng.  rating.  1    lyr    i     j   ] 

No  load / 

Brake  horse  power 

Kilowatts 

Speed,      revolutions      per     i 

minute    158.00 


25.4 

127.0 
84.1 


45.1 

225.5 
154.3 


70.6 

353.0 
243.6 


Holder  drop,  ft.  per  hr. 


16.91 


156.0  154.0  152.0 

24.96  32.22  39.89 


Cu.  ft.  per  hr.  30  min.  60  deg.  15  760.00  23  270.00  30  050.00  37  280.00  48  200.00 


_     „      fCircum.  holder 
^"^•^   I  \      110.33  ft. 
511.5 
352.0 

150.0    Barom.  =  29.26" 
Av.    temp,    of 
51.60  {      gas,  71.6  de- 
grees fahr. 
Av  .  gas  pres- 
sure, 2J  inches 
water. 


Gas  consumption  rate: 
Cu.  ft.  per  b.h.p.  hr. 


(Std.  gas.) 


Cu.  ft.  per  kw-hr 

Heat  value  of  gas:  a 
Effective  B.t.u.  per  cu.  ft. 


106.4 


183.2  133.2  105.5 

276.8  194.8  153.1 

106.4  106.4  106.4 


94.25 


137.0 


Correction  fac- 
tor—0.9642 


106 .      \a  Av,  of  all  tests. 


B.t.u.  per  b.h.p.  hr 

B.t.u.  per  kw-hr 

Thermal  efficiency  brake, 
per  cent 

Thermal  efficiency  (elec- 
trical) per  cent 


19  480.00  14  160.00  11  215.00  10  030.00 
29  430.00  20  720.00  16  280.00  14  560.00 


13.05  17.96  22.68  25.36 

11.6  I         16.46  20.96i         23.42 
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the  graphical  method  has  been  used  to  correlate  results.  The  diago- 
nal line,  "cubic  feet  of  gas  per  hr."  represents  the  relative  consump- 
tion at  various  loads,  and  more  accurately  than  would  an  arithmeti- 
cal average  by  proportion.  From  this  line,  the  heat  consumption 
line  "B.t.u.  per  hour"  is  obtained.  As  it  was  impossible  to  take 
accurate  calorimeter  readings  more  rapidly  than  at  15  minute  inter- 
vals, and  as  all  of  the  holder  drop  tests  were  taken  within  a  com- 
paratively short  period,  an  average  heat  value'  of  the  gas  was  used, 
106.4  B.t.u.  (effective)  per  cubic  foot  at  62  degrees  fahr.  and  30 
inches  barometer.  The  curves,  "B.t.u.  per  b.h.p.  hr.,"  and  "ther- 
mal efficiency,"  were  obtained  from  the  total  heat  consumption  line 

TABLE  NO.  2     FRACTIONAL  LOAD  EFFICIENCIES 
Holder  Drop  Tests 


NOMINAL  LOAD  l/4  l/2  3/4  FDLL 


OVER- 
LOAD 


Load,  brake  horse  power 125.00        250.00        375.00        500.00        550.0 

Gascons.,icu.  ft.  per  b.h.p.  hr 190. 00|       127.00        105.6            95.00          92.20 

Heat  cons.,1  B.t.u.  per  b.h.p.  hr 20  210.00  13  510.0011  240.00  10  100.00    9  800.00 

Heat  cons.,1  B.t.u.  perkw.hr 30  530.00  19  700.0016  340.00  14  675.00  14  300.00 

Heat  cons.,' B.t.u.  per  i.h.p.hr 11   180.00  10  600.00    9  050.00    8  460.001  8  295.00 

Thermal  efficiency  per  cent  brake 12.58          18.84          21.66          25.21          25.97 

Thermal  efficiency, per  cent  elec 11.16          17.32          20.9            23.25          23.85 

Thermal  efficiency,  per  cent  indie 22.75          24.1            28.14          30.1            30.7 


equivalent  coal  consumption^  fob  various  producer  efficiencies 
Pounds  per  unit  hour 


Producer  effic. 

per  cent 

lOOpercent   brake  horse  power  hour.  1.413  0.944  0.785  0.705  0.685 

kilowatt  hour 2.13  1.376  1.141  1.025  0.999 

80  per  cent    brake  horse  power  hour.  1.766  1.181  0.980  0.882  0.857 

kilowatt  hour 2.663  1.720  1.426  1.281  1.250 

70percent   brake  horse  power  hour..  2.015  1.347  1.120  1.006  0.977 

kilowatt    hour 3.040  1.964  1.63  1.465  1.426 


0.944 

! 
0.785 

0.705 

1.376 

1.141 

1.025 

1.181 

0.980 

0.882 

1.720 

1.426 

1.281 

1.347 

1.120 

1.006 

1.964 

1.63 

1.465 

1  Assuming  same  coal  used  on  test — 14  321  B.t.u. 

2  Standard  Gas — 106.4  B.t.u.  (effective),  62  degrees  30  inches  Hg. 

with  the  aid  of  the  generator  efficiency  curve  Fig.  10,  explained 
later.  It  will  be  noted  that  with  full  load  on  the  engine,  the  effi- 
ciency approximates  10  100  B.t.u.  per  brake  horse  power  hour  and 

'  This  heat  value  is  considerably  lower  than  the  average  during  the  51-hour 
test,  due  largely  to  the  condition  of  the  fires.  The  holder  tests  were  not  run 
until  after  the  long  test  had  been  completed;  that  is,  after  a  continuous  run  at 
full  load,  of  51  hours  equivalent  to  a  week's  regular  shop  load.  However,  the 
"low"  gas  made  had  no  perceptible  effect  on  the  engine,  except  to  require  a 
slightly  different  mixture. 


'30 


DUTY    TEST    ON    GAS    POWER    PLANT 


. ,'.  TiiEijQRTQ^i-jio.MPAii-i'. 

__  WascESTEB  .Mass,  - 


.500 


,-jfcTO^--=F; 


600 


FIG.  2 
Test  of  a  300  Horse  Power  Westinghodse  Gas  Engine 
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at  a  load  of  about  600  horse  power,  which  was  sustained  for  a  few 
moments  to  test  the  rheostat,  would  be  9500  B.t.u.  per  brake  horse 
power  hour. 

8  Table  2  presents  data  on  heat  consumption  and  efficiency  at 
even  engine  ratings,  interpolated  from  Fig.  2,  from  which  it  appears 
that  the  variations  in  heat  consumption  are  well  within  normal 
limits  imposed  by  present  gas  engine  practice.  Between  three- 
fourths  and  over-load,  which  corresponds  to  the  range  in  load  gener- 
ally experienced  at  the  Norton  plant,  the  heat  consumption  varied 
but  63  per  cent  from  mean. 

TABLE  No.  3     51-HOUR  TEST 
Summary  of  Results     Norton  Co.,  June  24-26,  1907 


Quantity  at  finish. . . 
Quantity  at  start. .  . 

Difference 

Correction 

Corrected  difference 

Elapsed  time 

Rate  per  hour 


LOAD 

kilowatt 


363  550.0 

345  710.0 

16  840.0 

+  117.3 

16  957.3 

51  hrs. 

332.5 


WATER 

cubic  feet 


OIL 

gallons 


94  900.0 
63  560.0 
31  340.0 

31  340.0 
50  hrs. 
626.8 


2.875 

2.875 

2.875 
48  hrs. 
0.06 


coal" 

pounds 


23  775 

23  775 

23  775 
51  hrs. 
466^ 


Rate  per  kw-hr  . . . . 
Rate  per  b.h.p.  hr. 
Rate  per  i.h.p.  hr. 


.(332.5  kw.) 
.(482.9  b.h.p.) 
.(579.0  i.h.p.) 


WATER      WATER  OIL  COAL 

cu.  ft.       gal.         gallons      pounds 


0.00018  1.402 
0.000125  0.965 
0.000104      0.805 


oClearfield  run-of-inine — 14  321  B.t.u.  per  pound  as  fired.  Average  thermal 
efficiency  of  plant,  18.43  per  cent;  engine,  24.93  per  cent;  produc(;r,  73.81  per  cent. 

^See  Appendix  for  discussion  of  relative  condition  of  fuel  bod  Ix^fore  and  after 
test  and  resulting  heat  correction. 

Average  gasification  rate,  13.36  pounds  per  square  foot  per  hour. 

9  It  is  of  interest  in  connection  with  the  51-hour  test  later  treated 
to  compute  the  coal  consumption  equivalent  to  the  heat  consump- 
tion shown  in  the.se  holder  drop  tests.  This  has  been  done  in  the 
table  for  various  producer  efficiencies.  With  a  perfect  producer,  the 
engine  coal  consumption  at  full  engine  rating,  would  be  about  1 
pound  per  kilowatt  hour;  at  80  per  cent  efficiency,  1|  pounds;  and 
at  an  efficiency  of  70  [)er  c(Mit,  sliglill}-  uudoi-  1 .1  pounds,  or  nearly 
1  pound  per  brake  hoi'se  pow(M-  liour. 


732  DUTY   TEST    ON    GAS    POWER    PLANT 

10  The  foregoing  data  are  of  course,  based  upon  several  tests 
at  different  loads,  and  one  of  the  best  indications  of  their  relative 
accuracy,  as  well  as  of  the  general  efficiency  of  the  engine  from  a 
thermodynamic  standpoint,  is  the  fact  that  the  total  heat  consump- 
tion line  is  straight,  not  curved  (convex  to  the  X-axis) ;  in  other  words 
the  losses,  internal  and  external,  are  practically  constant.^ 

11  It  should  be  borne  in  mind  that  in  these  fractional  load  runs 
no  attempt  was  made  to  vary  the  ignition  point  to  suit  the  light 
loads  and  thus  to  obtain  the  most  efficient  card  for  each  load.  Here 
again  tests  results  have  been  sacrificed  to  record  actual  operating 
conditions,  and  the  curves  truly  represent  the  change  in  efficiency 
that  would  occur  during  rapidly  changing  loads  on  the  plant. 

12  The  mechanical  efficiency  was  determined  from  these  tests, 
as  well  as  from  the  51-hour  test.  But  as  it  was  impracticable  to 
change  springs  for  the  lighter  loads,  the  cards  at  these  loads  carry  a 
greater  possibility  of  error.  However,  the  results  are  quite  con- 
sistent. 

13  These  holder  drop  tests  show  a  mechanical  efficiency  of  83.6 
per  cent  at  a  load  of  483  brake  horse  power  which  corresponds  to 
the  average  sustained  during  the  51-hour  test,  while  the  latter  shows 
an  average  mechanical  efficiency  of  83.46  per  cent  (see  Fig.  6).  On 
a  basis  of  indicated  horse  power  the  heat  consumption  of  the  engine 
works  out  8460  B.t.u.  per  hour  at  full  load,  or  a  thermal  efficiency 
in  the  cjdinders  of  30.1  per  cent. 

51-HOUR   TEST 

14  In  order  to  eliminate  the  mass  of  observations  which  would 
otherwise  be  necessary  to  follow  the  operations  during  the  long  test, 
the  principal  quantities  have  been  plotted  in  Sheets  No.  3  and  4, 
the  latter  showing  gas  analyses  and  the  general  effect  of  varying 
water  gas  runs.  All  continuous  quantities,  as  kilowatt  output, 
water  and  coal,  are  plotted  at  a  given  time  as  the  average  for  the 
preceding  periods;  hence,  the  brake  horse  power  deduced  from  aver- 
age kilowatt  should  not  necessarily  coincide  with  brake  horse  power 
deduced  from  instantaneous  kilo  volt  ampere  reading  at  the  same 
hours.  It  is  noteworthy,  however,  that  the  average  of  \  hour  kilo 
volt  ampere  readings  checked  within  3.5  kilowatts  with  the  average 

1  Thus,  if  the  X-axis  (load)  were  elevated  to  a  point  (Y  =  1  650  000)  on  the 
Y-axis  (heat  input  to  the  engine),  that  is,  neglecting  fractional  load  losses,  the 
heat  co7isumption  is  practically  proportional  to  the  load,  or  6800  B.  t.u.  per  brake 
horse  power  hour,  a  constant  at  all  loads. 
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kilowatt,  recorded  hy  the  integrating  wattmeters,  332.2  kilowatts. 
Similarly,  the  average  gas  analyses  showed,  within  2  B.t.ii.,  the  same 
calorific  value  as  the  average  calorimeter  readings — 114.5  B.t.u. 
per  cubic  foot  at  62  degrees  fahr.  and  30  inches  barometer.  These 
values  are  given  in  Table  3  and  4  summarizing  the  results  of  the 
51-hour  test.  The  latter  gives  the  averages  and  total  quantities 
for  the  entire  period,  the  former  the  averages  for  the  various  six- 
hour  periods. 

15  From  the  general  log,  Fig.  3,  it  will  be  apparent  that  the 
load  was  maintained  fairly  uniform  and  as  near  rating  as  the  fluctua- 
tions in  the  factory  load  Avould  permit.  During  the  night  runs,  it 
was  possible  to  considerably  exceed  full  rating;  e.  g.,  on  night  shift, 
June  24,  an  average  load  of  522  brake  horse  power  was  carried  for 
six  hours — equivalent  to  nearly  20  per  cent  overload^  on  the  genera- 
tor with  only  109  B.t.u.  gas.  The  coal  fired  during  the  test,  was  fairly 
uniform  in  rate  as  shown  by  the  log,  Fig.  3,  averaging  466  pounds 
per  hour  or  13.36  pounds  per  square  foot  of  fuel  bed  area  per  hour. 
The  calorific  value  of  the  gas  was  rather  low-  during  the  night  runs, 
but  recovered  during  the  day.  This  condition  of  affairs  is  largely 
attributable  to  the  difference  between  the  two  producer  men's 
methods  of  handling  the  fires.  This  low  heat  value  did  not,  how- 
ever, interfere  in  the  least  with  the  load  -which  was  heaviest  when 
the  gas  ran  as  low  as  104  B.t.u. 

16  The  water  consumption  naturally  varied  in  inverse  proportion 
to  the  temperature  rise,  as  the  inlet  temperature  was  practically 
constant.  No  attempt  was  made  to  run  the  temperature  of  the 
jacket  water  to  a  very  high  point  in  order  to  increase  the  efficiency 
of  the  engine,  but  rather  to  maintain  it  at  such  a  point  as  would  best 
suit  the  load  anticipated,  as  is  the  usual  practice.  The  tempera- 
ture rise  could  have  been  doubled  without  physical  injury  to  the 
engine.  In  the  gas  log,  Fig.  4,  H  and  CH^  are  plotted  to  an  increased 
scale  in  order  to  show  the  general  effect  of  the  length  of  the  steaming 
period  on  the  gas  quality. 

COAL    CONSUMPTION 

17  To  facilitate  the  determination  of  the  true  amount  of  coal 
gasified  during  the  51-hour  test,  the  fire  was  brought  to  the  same 

'  During  the  noon  hour  Monday,  while  testing  out  the  rheostat,  a  load  slightly 
over  600  brake  horse  power  was  sustained  by  the  engine  for  a  few  moments  with- 
out indications  of  "stalling."  This  is  equivalent  to  20  per  cent  above  the  normal 
rating  of  the  engine. 
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level  and  as  near  as  possible  to  the  same  condition  at  the  end  as  at 
the  beginning  of  the  run.  Further,  the  test  was  not  started  until 
the  fires  had  been  subjected  to  normal  rate  of  gasification  for  some 
time.  A  detailed  discussion  of  the  constitutents  and  relative  heat 
value  of  the  fuel  bed  before  and  after  the  test  is  taken  up  in  the 
appendix  and  requires  no  further  reference  here. 

18  The  full  load  test  was  continued  from  Monday  afternoon  until 
Wednesday  evening.  A  longer  test  would  have  undoubtedly  been 
more  desirable;  but  it  should  be  borne  in  mind  that  the  ordinary 
method  of  testing  for  periods  of  a  week  or  more,  usually  followed  out 
in  the  case  of  the  continuous  type  of  producer,  could  not  be  emploj^ed 


Brake  !HoR9e-P6wER 


Shift     (--ooi  +  f-M 


—  Da,     -  —  pM 


FIG.  3  GENERAL  LOG  NORTON  TEST 


here  with  the  intermittent  type,  owing  to  the  fact  that  the  fires  must 
be  drawn  at  regular  intervals  for  cleaning  the  producer.  A  normal 
week's  run  at  this  plant  averages  54.4  hours  (10-hour  day).  The 
test  run  of  51  hours  is  therefore  practically  equivalent  to  a  normal 
week's  operation;  or,  in  other  words,  practically  equivalent  to  the 
period  which  occurs  between  regular  shut-downs  for  the  removal 
of  ash  and  renovation  of  fires.  Table  3  gives  the  weight  of  coal  actu- 
ally used  during  the  test,  1.402  pounds  per  kilowatt  hour.  Table  5 
gives  the  calorific  value  of  the  numerous  samples  tested. 
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MECHANICAL    EFFICIENCY    AND    INDICATOR    CARDS 

19  Owing  to  the  great  labor  involved  in  indicating  the  engine  at 
sufficiently  short  intervals  to  follow  the  variations  in  load,  it  was 
decided  to  indicate  at  intervals  of  about  one  hour,  with  the  precaution 
of  taking  electrical  readings  at  exactly  the  same  time.  These  simul- 
taneous values  could  then  be  plotted  and  an  average  value  struck, 
which  would  represent  the  average  mechanical  efficiency. 

TABLE  NO.  5     FUEL  ANALYSES 


NO. 

VOLA- 

TILE 
MATTER 

FIXED 
CARBON 

MOIS- 
TURE 

ASH 

B.T.U.  PER  LB. 

SAMPLE 

DRY 

ACTUAL 

1 

19.15 

73.50 

0.85 

6.5 

14 

313 

14    181 

2 

20.12 

73.60 

1.09 

5.19 

14 

531 

14  360 

3 

20.40 

73.30 

0.70 

5.6 

14 

407 

14  306 

Clearfield  bitumin- 

4 

18.30 

75.40 

0.90 

5.4 

14 

484 

14  347 

ous^  used  during 

7 

20.78 

73.20 

0.60 

5.42 

14 

531 

14  445 

test 

10 

20.75 

71.81 

0.75 

6.69 

14 

345 

14  236 

15 

19.70 

74.79 

0.90 

4.61 

14 

594 

14  457 

18 

19.30 

76.40 

1.00 

3.30 

14 

641 

14  486 

i 

20 

20.43 

71.41 

1.05 

7.11 

14 

232 

14  069 

Avg.  of  9  samples 

19.87 

73.71 

0.87 

5.54 

14 

450 

14  321 

Anthracite  for  building 

fires 

5.20 

78.95 

3.20 

12.65 

12 

709 

12  320 

Ash  anthracite^ 

88.25 

1.15 

10.6 

11 

977 

11  840 

from  under  clinker 

87.80 

1.40 

10.8 

11 

946 

11  780 

including   ash   in 

pro- 

ducer  ash  pits  . 

88.30 

0.70 

11.0 

11 

946 

11  850 

Averages 

88.12 

1.08 

10.8 

11 

956 

11  823 

*  Sulphur  in  Clearfield  samples   2,    1.05  per  cent;    10,    0.75    per    cent;    20, 
0.69  per  cent;  Average,  0.83  per  cent. 

*  See  section  of  producer  bed,  Fig.  12. 


20  The  results  are  shown  in  Fig.  6,  covering  72  sets  of  cards  taken 
regularly  during  the  tests.  This  method  of  determining  the  charac- 
teristic of  the  engine  is  probably  more  accurate  than  taking  three 
or  four  times  the  number  of  cards  and  averaging  them.  By  the 
graphical  method,  unreasonably  high  or  low  values  may  be  quickly 
recognized  and  allowed  for  in  the  average.  Moreover,  the  reason 
for  these  high  or  low  values  may  readily  be  traced  back  to  some 
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FIG.  6     GRAPHICAL  METHOD  OF  OBTAINING  MECHANICAL  EFFICIENCY 
AT  Va!rIOUS  LOADS 
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FIG.  6    INDICATOR  CARDS  SHOWING  VARIATION  OF  LOAD.     SET  6 
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FIG.  6      INDICATOR  CARDS  SHOWING  VARIATION  OF  LOAD.    SET  21 
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FIG.  6     INDICATOR  CARDS  SHOWING  VARIATION  OF  LOAD.     SET  52 
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FIG.  6     INDICATOR  CARDS  SHOWING  VARIATION  OF  LOAD.  SET  67 
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FIG.  6     INDICATOR  CARDS  SHOWING  VARIATION  OF  LOAD.     SET  39 
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peculiarity  of  the  card  and  allowed  for;  whereas,  any  error  would 
probably  not  have  been  discovered  by  the  method  of  averages. 

21  To  check  this  graphical  method,  however,  three  arithmetical 
averages  are  plotted  on  Fig.  5,  the  one  x  the  average  for  the  entire 
51  hours,  the  others  y  and  z,  the  averages  for  a  period  of  11  hours, 
beginning  Monday  evening,  during  which  load  was  maintained  prac- 
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FIG.  7     HEAT  DISTRIBUTION  AT  AVERAGE  TEST  LOAD 

tically  constant  by  rheostat,  and  a  similar  period  of  12  hours  Tuesday 
also  on  rheostat  load.  The  fact  that  these  points  agree  very  closely 
with  the  curve,  illustrates  the  reasonableness  of  the  graphical  method. 
22  The  average  mechanical  efficiency  derived  from  Fig.  5  is  at 
the  average  load  carried,  83.5  per  cent,  or  at  full  load,  83.8  per  cent. 
Although  here  drawn  to  a  large  scale,  the  efficiency  curve  is  very 
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flat,  lying  between  83  and  84  per  cent  from  460  to  510  horse  powei. 
This  efficiency  includes,  of  course,  all  pump  work. 

23  For  example,  the  sets  of  cards  taken  during  the  test  are  shown 
on  Fig.  6.  Slight  differences  are  apparent  between  the  several  cards 
of  each  set,  due  to  the  lack  of  close,  individual  adjustment  of  igniters, 
which  was  not  attempted,  as  the  engine  was  tested  in  its  normal  con- 
dition. These  cards  show  a  mean  effective  pressure  within  the  range 
of  load  carried,  of  from  55  to  65  pounds  per  square  inch.  For  maxi- 
mum loads,  the  mean  effective  pressure  rose  to  67  and  68  pounds. 
A  study  of  the  cards  shows  plainly  that  the  "peaked"  cards  do  not 
give  the  highest  mean  effective  pressure.  This  is  illustrated  by  the 
two  cards  from  Set  39,  A  and  B.  Both  are  excellent  cards,  and  of 
almost  the  same  mean  effective  pressure,  the  fatter  card,  B,  showing 
if  anything,  to  better  advantage.  In  the  majority  of  cases,  it  appears 
that  if  the  card  loses  its  "peak"  for  any  reason,  the  expansion  Une 
rises  sufficiently  to  compensate  therefor.  Thus,  in  card  2,  Set  6, 
the  "flat"  card  shows  4  per  cent  higher  mean  effective  pressure  than 
the  "peaked"  card.  Again,  the  "feat"  card  42,  gives  2.5  per  cent 
higher  mean  effective  pressure  than  the  "peaked."  This  is  further 
shown  in  extreme  form  in  card  33,  which  traces  a  "premature." 

24  "Prematures"  and  backfires  occurred  at  various  times  during 
the  test,  sometimes  rather  frequently,  but  mostly  at  intervals  of 
several  hours,  none  of  which  appeared  to  affect  the  operation  of  the 
engine.  In  regard  to  these,  there  seemed  to  exist  throughout  the 
test  a  definite  relation  between  the  occurrence  of  backfires  and  the 
charging  of  fresh  fuel  in  large  quantities,  apparently  indicating  the 
presence  of  rich  hydrocarbon  volatiles,  which  it  was  impossible  to 
segregate  with  the  analytical  apparatus  available. 

HEAT    BALANCE 

25  From  the  various  quantities  observed  and  derived,  it  is  now 
possible  to  obtain  partial  heat  balance  of  the  complete  plant  at  the 

TABLE  NO.  6     DISTRIBUTION  OF  HEAT  AT  AVERAGE  TEST  LOAD 


ENGINE  ONLY 


ENTIRE  PLANT 


Brake 


Elec. 


Brake 


Elec. 


Useful  work 24.9 

Electrical  losses 

Friction  and  pump  work 4 .  68 

Jacket  absorption I  34 .  22 

Exhaust  and  radiation  (bybal.) 36.3 

Loss  in  producer i 

100.00 


22.98 

1.92 

4.58 

34.22 

36.3 


100.00 


18.38 

3.37 
25.22 
26.81 
26.22 

100.00 


16.97 
1.41 
3.37 
25.22 
26.81 
26.22 

100.00 
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average  test  load,  483  brake  horse  power.  Knowing  the  useful  work, 
jacket  absorption,  mechanical  efficiency,  electrical  losses  and  pro- 
ducer losses,  the  remainder  may  be  assigned  to  exhaust  and  radia- 
tion, as  there  are  no  losses  of  any  magnitude  in  the  producer  gas 
system  corresponding,  for  instance,  to  condensation  and  leakage 


FIG.  8     THERMAL  EFFICIENCY  OF  GAS  POWER  PLANT 

in  a  high  pressure  steam  system.  This  heat  balance  is  given  in  Table 
6,  and  in  graphical  form  in  Fig.  7.  This  balance  shows  that  practi- 
cally one-fourth  of  the  heat  delivered  to  the  engine  by  the  producer 
is  converted  into  useful  work  at  the  engine  shaft,  or  23  per  cent  at 
the  generator  terminals.  It  also  shows  a  moderate  jacket  absorb- 
tion,   considering   the  small   temperature   rise.     It  should  not   be 
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inferred  that  with  higher  water  temperatures  the  relative  percentage 
of  jacket  absorbtion  and  exhaust  will  reverse.  It  has  been  shown 
by  experiment  on  both  small  and  large  engines  that  the  decrease  in 
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FIG.  9     GENERATOR  TEST  RECORD 
300  Kw.  250  Volt  Direct  Cdkrent  Compound  Wound  Generator 

jacket  absorbtion  very  largely  appears  as  increased  work  and  hence 
increased  efficiency. 


PRODUCER    AND    PLANT    EFFICIENCY 

26     Upon  the  basis  of  the  above  heat  balance  the  segregated 
efficiencies  of  the  principal  parts  of  the  plant  over  the  range  of  load 
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carried  in  its  normal  operation  may  be  determined,  with  a  single 
assumption — that  the  losses  in  the  producer  bear  a  constant  relation 
to  the  weight  of  coal  fed  into  the  producer;  that  is,  to  the  heat  in- 
put. This  has  been  worked  out  on  Fig.  8,  and  for  the  short  range 
in  loading  from  400  to  550  brake  horse  power,  it  is  believed  the 
assumption  is  reasonable. 

27     Starting  with  the  total  heat  consumption  line  of  the  engine, 
as  determined  from  the  holder  drop  tests,  the  corresponding  total 


FIG.  10     HOLDER  DROP  TEST 
Method  or  Checking  Observations 

heat  consumption  of  the  plant,  in  the  form  of  coal  fed  into  the  pro- 
ducer, may  be  represented  by  a  parallel  line.  From  these  two  total 
heat  lines,  the  thermal  efficiency  curve  of  the  plant,  engine  and  pro- 
ducer, are  respectivel}^  derived.  At  full  load,  the  complete  plant 
turns  18.5  per  cent  of  the  heat  in  the  fuel  into  work  at  the  shaft,  or 
17.1  per  cent  at  the  switchboard;  and  at  this  load  the  producer 
efficiency  is  74.1  per  cent,  as  compared  to  73.8  per  cent  average  for 
the  51-hour  test. 


GAS    CHARACTERISTICS 


28    The  variations  in  gas  from  time  to  time  are  shown  in  Fig.  4 
only  as  averages  for  hourly  periods.     Table  4  gives  corresponding 
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maxima  and  minima  for  six-hour  periods.  Thus,  the  extreme  limits 
of  variation  during  the  test  range  from  101  to  126  B.t.u.  (effective) 
per  cubic  foot,  or  10  per  cent  above  and  11  per  cent  below  the  mean 
value  for  the  entire  test. 

29  The  relative  effect  of  water  gas  and  air  gas  runs  is  shown  in 
the  gas  log  Fig.  4.  Although  the  hydrogen  at  the  engine  is  not 
instantaneously  responsive  to  an  increase  in  water  gas,  yet  in  general 
the  average  hydrogen  content  follows  the  percentage  water  gas  quite 
perceptibly.  Most  of  the  water  gas  runs  continued  for  30  seconds, 
though  toward  the  end  20-second  runs  were  made  at  short  intervals, 
resulting  in  an  increase  in  H,  but  to  11  per  cent  only.  This  suggests 
the  possibiUty  of  improving  the  gas  by  short,  heavy  blasts,  and  cor- 

TABLE  NO.  7     SPEED  VARIATION  TESTS 


1 
Speed,  r.p.m 

155  ' 

154.0 

152.0 

150.0 

149.0 

148.0 

Volts 

255 

255.0 

257.0 

258.0 

258.0 

257.0 

Amperes 

327.5 

665.0 

955.0 

1303.0 

1347.0 

Kw 

86.1 

170.8 

246.6 

336.1 

346.0 

B.h.p 

129.6 

247.6 

356.5 

489.3 

503.0 

Per  cent  full  rat- 

ing  

25.9 

49.5 

71.2 

97.9 

100.5 

Speed    drop,    per 

cent  ±  mean    . 

0.819 

0.958 

1.597 

1.916 

2.236 

Instantaneous  Load  Test  June  27,  1907,  6  p.m. 
No-load  to  full-load,  280  volts,  1190  amperes,  345  kilowatts,  502  brake  horse  power. 

No-load  speed 155  revolutions  per  minute. 

Load   thrown  on 148  revolutions  per  minute. 

Load  thrown  off 155  revolutions  per  minute. 

Difference 7  revolutions  per  minute. 

Speed  variation 4.6  per  cent  of  total  —  2.3  per  cent  ±  mean  speed 

respondingly  brief  periods  of  steaming;  provided,  of  course,  there  is 
sufficient  holder  capacity  to  absorb  the  variations  in  gas  production. 

30  CO2  records,  were  taken  to  follow  any  changes  in  the  gas 
that  could  not  be  caught  by  hourly  analyses.  During  the  time  the 
apparatus  was  in  action  the  variations  were  small,  agreeing  quite 
closely  with  the  analyses.  The  CO2  record  gave  a  rough  indication 
of  the  condition  of  the  fire,  and  showed  an  abnormal  percentage 
of  CO2  with  excessive  air  supply  drawn  in  during  the  period  of  blast. 

31  The  measurements  of  dust,  or  suspended  matter,  showed  a 
large  reduction  of  total  impurities  between  wet  scrubber  outlet  and 
engine.  It  is  quite  apparent  from  the  appearance  of  these  samples 
that  a  large  proportion  of  the  lampblack  passing  the  wet  scrubber 
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finds  its  way  to  the  engine  in  spite  of  the  dry  scrubber  and  the 
opportunity  for  settling  in  the  holder,  but  without  deleterious  effect 
on  either  the  operation  or  efficiency  of  the  engine. 

SPEED    REGULATION 

32  Three  independent  observations  give  data  on  speed  regula- 
tion: 

a  Speed  during  holder  drop  tests,  Fig.  2. 

b  Speed  variation  tests  at  various  loads.  Table  7. 

c  Instantaneous  speed  variation  test,  also  Table  7. 
These  agree  closely,  although  taken  on  different  days.  Thus,  at 
full  engine  load,  the  drop  in  speed  from  no  load  to  full  load,  was: 
a  2.6  per  cent,  b  2.24  per  cent,  c  2.3  per  cent.  Fig.  2  shows  the 
speed  characteristics  practically  a  straight  line  without  any  drooping 
tendency  at  the  heavier  loads.  This  indicates  a  good  margin  of 
overload  capacity. 

GENERATOR   TESTS 

33  Owing  to  the  existence  of  detailed  records  of  tests  on  the  gener- 
ator at  the  builder's  works,  these  were  adopted  with  the  precaution 
of  checking  same  by  independent  recalculation  of  efficiency,  not 
only  at  rated  voltage,  but  also  at  240  and  230  volts.  These  efficien- 
cies include  iron  and  copper  losses  (in  armature  and  field,  both  series 
and  shunt)  and  brush  losses  (I^R  -f  friction).  As  the  generator  was 
proportioned  so  as  to  give  maximum  efficiency  at  average  shop  load 
(270  to  310  kw.),  the  efficiency  during  the  51-hour  test  was  somewhat 
lower,  92.3  per  cent,  an  entirely  reasonable  figure  for  a  machine  of 
this  size. 

34  Temperature  rise  was  recorded  by  the  thermometer  applied 
to  the  shunt  field  coil.  The  maximum  observed  was  167  degrees 
fahr.  with  room  temperature  92.5  degrees  fahr.,  giving  a  rise  of  74.5 
degrees  fahr.,  or  41.4  degrees  cent.  During  the  preceding  three 
hours,  the  generator  sustained  a  load  of  from  365  to  375  kilowatts 
(25  per  cent  above  rating)  immediately  following  several  hours  run 
at  full  load.  This  rise  is  not  abnormal,  considering  the  high  engine 
room  temperature,  for  which  reason  the  average  load  during  the 
test  was  carried  somewhat  lower  than  would  have  been  the  case  dur- 
ing cooler  weather. 
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APPENDIX 

METHODS    OF   TESTING 

35  As  the  Norton  plant  regularly  operates  only  ten  hours  per 
day  from  7:00  a.m.  to  12:00,  and  1:00  p.m.  to  6:00  p.m.,  it  was 
decided  to  maintain  the  plant  at  full  load  during  the  normal  standby 
period.  Otherwise  the  intangible  effect  of  standby  losses  would 
interfere  to  a  considerable  degree  with  the  accuracy  of  the  net  opera- 
ting results  desired. 

LOAD 

36  Load  control  was  secured  by  means  of  a  water  rheostat  especi- 
ally constructed  for  the  purpose,  and  possessing  sufficient  fiexibiUty 
to  bring  the  average  shop  load  up  to  approximately  full  rating,  and 
at  night  to  maintain  the  full  load.  This  method,  and  the  particular 
type  of  rheostat  used  proved  very  successful.  During  the  night,  an 
almost  constant  load  could  be  maintained.  During  the  day,  how- 
ever, it  was  impossible  to  operate  at  so  high  an  average  load,  owing 
to  the  fluctuations  from  shop  motors,  which,  in  addition  to  the  rheo- 
stat load,  would  otherwise  overload  the  plant.  Furthermore,  the 
excessive  atmospheric  temperature,  90  to  96  degrees  fahr.  in  the 
engine  room,  during  the  period  covered  by  the  test,  made  it  undesir- 
able especially  during  the  day  to  carry  heavier  load.  At  times,  when 
the  shop  load  was  fairly  quiescent,  the  rheostat  was  used  to  bring  it 
up  to  the  desired  average. 

SIGNALING 

37  Signaling  was  accomplished  by  means  of  an  electric  bell,  with 
repeaters  in  the  producer  room  and  outside  at  the  gas  holder.  A 
five-minute  "attention"  signal  brought  the  various  observers  to 
their  places.  Observations  commenced  at  the  five-second  "pre- 
paratory" signal  and  were  recorded  after  the  "final"  signal.  This 
method  proved  to  be  especially  valuable  during  the  holder  drop 
tests,  as  all  observers  were  simultaneously  apprized  of  the  other's 
movements,  which  eliminated  the  necessity  of  synchronizing  watches. 

FREQUENCY    OF   READINGS 

38  At  15-minute  intervals-ammeter,  voltmeter,  gas  calorimeter; 
30-minute  intervals — scrubber  suction  and  water  gas  runs;  45-minute 
intervals — indicators,  wattmeters,   watermeters,   temperatures,   ba- 
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rometer,    pressures  and  speeds;   60-minute  intervals — gas  analyses; 
every  two  hours — coal  weights,  as  required. 


OUTPUT 


39  Electrical  instruments  were  used  entirely  to  measure  output. 
Switchboard  ammeter,  integrating  wattmeter  and  standard  Weston 
voltmeter  readings  were  simultaneously  observed  for  an  independent 


FIG.  n 
Apparatus  for  Measuring  Gas  Pressure  and  Temperature 

check.  The  load  meters  were  calibrated  at  the  close  of  the  test  by 
means  of  a  standard  Weston  shunt  and  mill-voltmeter,  showing  a 
uniform  cahbration  error. 


BRAKE    HORSE    POWER 


40  In  all  cases,  the  brake  horse  power  was  calculated  from  kilo- 
watt readings  showing  by  the  generator  efficiency  curve.  Fig.  9, 
which  is  based  upon  the  efficiency  tests  formerly  made  on  this  par- 
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ticular  machine.     The  distribution  of  losses,  however,  was  again 
checked  at  various  loads  and  substantially  agreed  with  the  curve. 

INDICATED    HORSE    POWER 

41  Indicated  horse  power  was  determined  by  four  indicators  of 
the  outside-spring  type,  manipulated  simultaneously  at  the  given 
signal.  The  preparatory  interval  of  five  seconds  was  allowed  for 
opening  indicator  cocks,  so  that  very  little  opportunity  existed  for 
gumming  of  indicators,  which  were  carefully  cleaned  several  times 
during  each  shift.  Electrical  readings  were  also  taken  at  exactly 
the  same  time  so  that  no  opportunity  should  exist  for  a  change  of 
load. 

42  In  order  to  obtain  more  representative  cards,  two  cards  were 
traced  before  lifting  the  pencil.  They  were  then  integrated  separately, 
and  averaged,  if  any  difference  appeared,  which  was  quite  often  the 
case.  In  all  cases,  the  atmospheric  line  was  traced  immediately 
after  the  card  was  taken — not  before.  This  precaution  is  intended 
to  compensate  for  the  slight  expansion  taking  place  when  the  indica- 
tor was  being  heated.  The  indicator  rigging  was  a  permanent  fixture 
of  the  engine.  With  the  lost  motion  absorbed  by  the  strong  spring, 
very  little  opportunity  existed  for  distortion  of  cards. 

SPEED 

43  Speed  was  measured  both  by  tachometer  and  speed  counter. 
The  tachometer,  a  Schaeffer-Budenberg  centrifugal  instrument,  was 
belted  to  the  main  engine  shaft  so  as  to  be  close  to  the  last  observer 
of  the  indicators,  who  noted  the  instantaneous  speed  immediately  after 
releasing  the  indicator.  At  the  same  time  the  speed  was  counted 
from  the  engine  lay  shaft  by  the  signal  man,  so  that  very  little 
opportunity  occurred  for  change.     These  observations  checked  closely. 

TEMPERATURES 

44  Temperatures  were  determined  by  ordinary  chemical  ther- 
mometers, checked  in  hot  and  cold  water  baths  for  accuracy.  As 
all  of  the  temperature  measurements,  excepting  calorimeter  tem- 
peratures involved  inappreciable  errors,  considering  the  character 
of  results  desired,  no  attempt  at  extreme  accuracy  was  made  in  the 
thermometry  of  the  test. 
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PRESSURES 


45  Gages  of  the  U-tube,  or  manometer  type,  were  installed  at 
the  engine  throttle,  gas  supply-line  and  holder,  Fig.  1.  Except  for 
cyclical  fluctuations,  due  to  engine  suction,  the  pressure  was  practi- 
cally constant  at  all  points,  owing  to  the  uniform  weight  of  the  holder. 
Barometric  pressure  was  read  by  vernier  in  the  engine  room,  and 
checked  b}^  Weather  Bureau  observations  reduced  to  proper  level. 
In  the  final  results,  all  gas  readings  have  been  reduced^  to  standard 
conditions,  62  degrees  fahr.  and  30  inches  barometer,  taking  also 
into  account  the  excess  pressure  above  atmosphere,  shown  by  the 
several  manometers.  These  reductions  were  necessary  before  con- 
sistent results  could  be  expected  in  the  gas  consumption  line.  Fig.  2, 
as  gas  came  to  the  engine  unusually  hot  92  degrees  fahr.  during  the 
day.  The  lower  or  effective  heat  value  has  been  used  in  all  cases,  as 
explained  elsewhere. 

GAS    SAMPLING 

46  Gas  sampling  was  done  as  close  to  the  engine  as  convenient, 
not  more  than  25  feet  of  piping  intervening  between  the  point  of 
sampling  and  the  throttle.  See  Fig.  1.  Moreover,  the  samples  were 
drawn  from  the  center  of  the  main  by  means  of  an  extension  tube. 
A  standard  Junker  calorimeter  was  employed  with  thermometers 
indicating  to  0.01  degrees  cent,  with  close  reading  lens.  For  analysis, 
a  modified  Orsat,  or  Hempel,  apparatus  was  employed  with  explosion 
bulb  for  H  and  CH^.  In  addition,  an  "Ados"  automatic  CO2  record- 
ing apparatus  was  in  operation  during  the  entire  time. 


COOLING    WATER 

47  Jacket  water  was  measured  by  a  Keystone  meter.  Being 
practically  a  new  meter,  its  possibility  of  error  was  not  taken  into 
consideration,  especially  as  the  resulting  data  were  only  incidental 
to  the  test.  Care  was  taken  to  observe  the  temperatures  of  engine 
inlet  and  overflow  water  sufficiently  close  to  the  engine  to  avoid  any 
appreciable  radiation  loss.  As  it  was  impossible  to  measure  the 
temperature  and  quantity  of  each  hot  water  outlet  at  the  engine,  the 
outlet  thermometer  was  so  located  in  the  discharge  main  as  to  insure 

'  McFarland's  "  Reduction  Factor  for  Gases." 
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a  thorough  mixing  of  several  hot  water  outlets  from  pistons  and 
jackets  before  reaching  the  thermometer,  Fig.  1. 

HOLDER    DROP    TESTS 

48  The  method  employed  during  the  holder  drop  tests  was  based 
upon  the  observations  of  the  rate  of  fall  of  the  holder  with  the  gas 
supply  from  the  producer  entirely  shut  off  and  the  engine  running  at 
a  definite  load.  Previous  to  each  test,  the  engine  was  maintained 
at  its  load  for  ten  minutes  or  more,  and  at  a  given  signal,  the  pro- 
ducer was  cut  off  by  valves,  electrical  readings  taken  and  the  fall  of 
the  holder  measured  by  tape  and  stop  watch.  Observations  were 
not  begun  until  the  holder  had  fallen  an  inch  or  two  and  attained  a 
definite  rate.  The  stop  watch  was  then  set  as  the  index  passed  a 
given  division  and  the  readings  were  recorded  at  ten-second  intervals 
until  the  release  signal.  These  readings  were  then  plotted  to  time 
and  fall,  which  gave  at  once  a  visual  indication  of  the  correctness  of 
the  readings,  not  to  be  attained  by  using  simply  the  first  and  last 
readings  of  the  tape.     See  Fig.  10. 

49  It  is  obvious,  that  the  slightest  irregularity  in  the  fall  of  the 
holder  due  to  sticking  along  the  ways,  or  unequal  depression  from  any 
cause  would  easilj^  have  been  detected  by  observations  falling  irregu- 
larly on  the  plot.  This  graphical  method  also  shows  at  a  glance 
whether  the  gas  consumption  of  the  engine  at  a  constant  load,  is 
uniform  within  short  intervals  of  time. 

50  Fig.  12  shows  also  the  method  of  measuring  the  temperature 
and  pressure  at  the  holder.  At  the  position  shown,  there  could  be 
no  question  as  to  the  accuracy  of  the  temperature  measurement. 
Even  in  hfting  out  the  thermometer  for  reading  the  rush  of  gas 
practically  eliminated  the  cooling  effect  of  the  pipe  walls.  Owing 
to  the  effect  which  the  heat  of  the  sun  would  have  on  the  dimension 
of  the  holder,  the  holder  drop  tests  were  made  after  sundown  with  a 
strong  wind  blowing,  which  served  to  equalize  perfectly  the  atmos- 
pheric temperature. 

51  A  decisive  check  on  the  holder  drop  series  is  offered  by  the 
close  agreement  with  the  theoretically  straight  line  relation.  Fig.  2, 
of  all  the  points  representing  total  gas  per  hour  at  various  test  loads. 
Although  each  test  lasted  but  a  few  minutes,  from  8  to  11,  yet  the 
determination  of  the  rate  of  fall  by  this  method  is  fully  as  accurate 
as  for  the  fall  of  a  holder  of  twice  the  capacity  observed  for  a  period 
twice  as  long. 

52  Furthermore,  the  effect  of  any  possible  error  in  reading  the 
tape  is  certainly  negligible.     Thus  assuming  an  error  of  one  inch,  in 


756 


DUTY   TEST    ON   GAS    POWEK    PLANT 


'f^YC^<7u//c  ^/Afo^ 


i^^am    lb/,. 


^^t:pf^. 


7b  Hiifer  SoJ  M>/<. 


FIG.  12     SKETCH  OF  PRODUCERS  AND  FUEL  BED  AFTER  59  HOURS  RUN 
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the  measurement,  which  is  entirely  out  of  the  question,  if  analyzed 
graphically  as  above,  this  would  represent  but  1  per  cent  of  the  gas 
consumption  at  full  load,  as  the  total  fall  corresponding  was  about 
100  inches.  Another  point  to  be  considered  is  that  leakage  in  gas 
during  the  holder  drop  runs,  due  to  lack  of  tightness  of  valves  in  the 
producer  house,  results  in  more  gas  being  charged  to  the  engine  than 
used,  as  the  leakage  from  the  main  which  is  under  pressure  would 
escape  to  the  purge  stack  through  the  leaky  valves. 

OIL   CONSUMPTION 

53  Owing  to  the  continuous  circulating  filtering  system  in  use  at 
the  plant,  no  perceptible  amount  of  engine  oil  was  used  during  the 
test,  all  the  drains  from  the  journals  being  returned  to  the  supply 
system.  At  the  beginning  of  the  test  cylinder  oil  pumps  were  filled, 
and  the  level  noted  on  gage  glasses.  At  the  end  of  the  test,  they 
were  filled  to  the  same  level  by  a  measured  quantity  of  oil,  which 
showed  the  entire  quantity  used. 

DUST    DETERMINATION 

54  Samples  of  gas,  delivered  to  the  engine,  and  from  wet  scrub- 
ber, were  examined  for  dust.  For  this  purpose,  a  tube  containing 
loose  cotton  was  used,  the  weight  of  which  was  determined  before 
and  after  the  passing  of  a  measured  quantity  of  gas  (five  cubic  feet), 
the  difference  being  the  accumulation  of  impurities.  This  tube  was 
heated  before  and  after  to  drive  off  moisture. 

COAL    SAMPLING 

55  From  each  1200  pound  batch  of  coal  weighed  out  at  intervals 
of  about  two  hours,  a  sample  of  about  100  pounds  was  quartered 
down  and  preserved  in  a  glass  can.  Similarly,  a  sample  of  the  anthra- 
cite from  which  the  new  producer  fire  was  originally  started  was 
preserved.  When  the  fires  were  drawn  at  the  end  of  the  test  extreme 
care  was  taken  to  obtain  a  fair  sample  of  the  so  called  "  ash"  removed 
from  beneath  the  chnker  zone.  Three  separate  samples  were  taken 
and  quartered  down  from  a  full  barrow.  A  Parr  calorimeter  was 
used  for  the  determination  of  heat  values. 

COAL   CONSUMPTION 

56  In  regard  to  the  precise  method  of  conducting  producer  gas 
tests  of  this  kind,  involving  coal  consumption,  opinions  seem  to 
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differ  widely,  particularly  as  to  the  method  of  assigning  "debits" 
and  "credits"  for  varying  conditions  of  fuel  bed  before  and  after  ttie 
test.  It  was  the  original  idea  to  equate  the  conditions  as  far  as  pos- 
sible at  the  beginning  and  end  of  the  test,  as  would  be  the  case  in 
testing  a  continuous  type  producer;  that  is,  to  make  a  "flying  start" 
and  end  in  a  similar  manner,  so  that  the  actual  amount  of  coal  fired 
would  be  the  correct  amount  chargeable  to  the  test.  But  with  the 
present  practice  of  week-end  cleanings  of  the  producer  fires  employed 
in  the  intermittent  type  of  plant,  the  test  was  necessarily  started 
with  producers  practically  full  of  "green"  fuel,  largely  anthracite, 
with  a  topping  of  bituminous. 
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FIG.  13     OPERATING  EFFICIENCY  500  H.  P.  GAS  POWER  PLANT 


57  At  the  end  of  the  test,  midnight  Wednesday,  it  was  expected 
that  this  original  fuel  bed  had  depreciated  in  value,  but  when  the 
fires  were  partly  cleaned  on  the  next  night,  Thursday,  the  majority 
of  this  anthracite  was  found  still  in  the  producer  in  the  form  of  good 
combustible  of  practically  the  same  heat  value  as  the  original 
anthracite.  Analyses  of  this  "ash"  are  given  in  Table  5.  These 
analyses  sho  .ved  10  per  cent  higher  carbon  content  than  the  origi- 
nal coal.  The  obvious  inference  is  that  the  anthracite  bed  oper- 
ated as  a  filter  for  the  bituminous  bed  above,  from  which  carbon  was 
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actually  deposited  rather  than  dissipated  during  the  descent  of  the 
hydro-carbon  gases. 

58  A  careful  survey  of  the  fuel  bed  Wednesday  night,  immediately 
after  the  close  of  the  test,  showed  conditions  approximated  by  Fig. 
13,  which  applied  to  both  producers.  The  upper  "ash"  (clinker  line) 
was  found  definitely  located,  practically  flat  and  at  the  same  level  in 
both  producers  on  the  average  27J  inches  below  the  top  of  the  fire. 
The  original  anthracite  bed  had  shrunk  about  25  per  cent  in  volume 
and  40  per  cent  in  weight. 

59  Assuming  now  that  a  fuel  correction  is  necessary,  if  the  test 
is  to  be  charged  with  all  of  the  coal  originally  fired,  it  must  also  be 
credited  with  the  combustible  remaining  in  the  producer  at  the  close 
of  the  test.  To  this  end  it  is  assumed  that  the  27^  inches  of  fire 
bed  varies  uniformly  in  combustible  from  fresh  "green"  coal  at  the 
top,  to  ash  at  the  bottom;  that  is,  it  is  equivalent  to  half  of  good 
fresh  coal  of  full  heat  value.  This  refers  only  to  that  part  of  the  bed 
lying  above  the  clinker  line.     Crediting  the  test  with  this  salvage 

TABLE  NO.  8     NORMAL  OPERATING  ECONOMY 
Norton  Gas  Power  Plant 
AVERAGE    FOR    NINE    WEEKS    ENDING    APRIL    21,   1907 

Number  of  hours  per  week  run  on  load 54 . 4  hours. 

Output 13  500.0  kw-hrs. 

Average  running  load 248 . 1  kw. 

Average  running  load  per  cent  rating  of  engine 72 . 2  per  cent 

Coal  gasified  (including  standby  losses) 24  839 . 0  pounds 

Coal  for  new  fires 2  369 . 0  pounds 

Coal  for  new  fires  (per  cent  of  producer  coal) 9.5  per  cent 

Total  coal  for  all  purposes 27  204.0  pounds 

Avg.  total  coal  per  hour  including  new  fires 500 .  00  pounds 

Coal  consumed  (excluding  new  fires)  per  kw-hr 1.83  pounds 

Total  coal  consumed  per  kw 2 .  015  pounds 

value  of  the  remaining  fuel  bed,  and  the  proper  thermal  shrinkage 
in  the  anthracite  originally  fired,  the  net  charge  works  out  to  a  debit 
against  the  test  of  998  pounds  of  bituminous  coal  which  may  be  con- 
sidered as  a  correction  to  the  amount  actually  fired.  This  results  in 
a  coal  consumption  for  the  entire  plant  of  1.006  pounds  per  brake 
horse  power  hour,  as  compared  to  0.965  pounds  per  brake  horse 
power  hour  based  upon  the  coal  actually  fired,  and  a  producer  effi- 
ciency of  70.87  per  cent. 

60  It  will  be  noted  from  the  above  that  the  point  at  issue  involves 
a  comparatively  small  correction.  Even  admitting  an  error  of  25 
per  cent  in  the  valuation  of  the  remaining  fuel   bed,  the  resulting 
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error  is  but  1.85  per  cent  of  the  total,  which  is  inconsiderable  under 
the  circumstances.  Two  factors,  however,  tend  to  justify  discard- 
ing this  correction:  first,  that  the  producer  was  not  "starved"  of  fuel 
toward  the  end  of  the  test  in  fact,  quite  the  contrary,  as  is  shown  by 
the  log,  Fig.  3;  second,  that  as  fuel  was  fired  in  small  quantities  every 
five  or  ten  minutes  no  appreciable  error  in  the  weight  actually 
charged  would  be  incurred  either  the  one  way  or  the  other. 

61  That  the  actual  results  recorded  in  this  paper  are  quite  reason- 
able is  clearly  demonstrated  by  the  results  that  are  being  obtained 
in  the  normal  operation  of  the  plant,  shown  in  Table  8,  which  sum- 
marizes a  period  of  nine  weeks  ending  April  21,  1907.  While  the 
average  load  was  but  72  per  cent  of  the  engine  rating,  the  coal  con- 
sumed during  the  week,  including  14  hours  daily  standby  loss, 
averaged  but  1.83  pounds  per  kilowatt  hour,  or,  including  the  fuel 
required  for  rebuilding  fires  on  Sunday,  2  pounds  per  kilowatt  hour. 
In  Fig.  14  these  operating  data  are  analyzed  for  various  loadings 
occurring  during  the  period  covered.  From  this  it  appears  that  the 
plant  would  require  1.78  pounds  per  kilowatt  hour  during  weekly 
operation,  out  of  which  the  plant  is  idle  nearly  three-fifths  of  the  time. 
This  agrees  closely  with  the  results  of  the  Gould  Coupler  gas  power 
plant,  presented  before  the  Society  in  December,  1906. 


PERSONNEL  OF  TEST 
The  Norton  Co. 

Mr.  Geo.  I.  Alden,  director. 

Mr.  D.  L.  Gallup,  assisting. 

Mr.  Daniel  Armistead,  general  charge  of  observers. 

Mr.  J.  R.  Bibbins,  general  charge  of  test. 

OPERATION.  DAT  NIGHT 

Indicator   1 Mr.  Bibbins Mr.  Day. 

Indicator   2 Mr.  Bradley Mr.  Day. 

Indicator   3 Mr.  Hill Mr.  Leland. 

Indicator  4 Mr.  Bisson Mr.  Dodge. 

Switchboard Mr.  Mudgett Mr.  Stevenson. 

Calorimeter Mr.  Phelps Mr.  Burke. 

Analyses Mr.  Von  Sholly Mr.  Griffin. 

Coal Mr.  Keith Mr.  Johnson. 

Water  Consumption Mr.  Bibbins Mr.  Day. 

Temperatures  and  Pressures Mr.  Armistead Mr.  Day. 

General  Assistant Mr.  Chapman. 

General  Assistant Mr.  Morden. 
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Calibration  of  electrical  instruments Messrs.  Fick  and  Mudgett. 

Holder  drop,  pressure  and  temperature Messrs.  Bibbins  and  Day. 

Producer  fires  and  ash  sampling Mr.  Bibbins. 

Computations  and  indicator  cards Messrs.  Armistead,  Bibbins  and  Day. 

Norton  Company Messrs.  Alden  and  GriflBn. 

Worcester  Polytechnic  Inst Mr.  D.  L.  Gallup. 

Amer.  Steel  and  Wire  Co Messrs.  Hill,  Bisson,  Burke,  Leland, 

Stevenson  and  Phelps. 

Power  and  Mining  IMachinery  Co Mr.  Von  Sholly,  chemist. 

The  Westinghouse  Mch.  Co Messrs.   Armistead,   Bibbins,   Chap- 
man, Bradley,  Dodge  and  Day. 

W.  E.  &  M.  Co Messrs.  Pick  and  Mudgett. 

General Messrs.  Keith,  Johnson  and  Morden. 


DISCUSSION 

Mr.  W.  H.  Blauvelt  Mr  Bibbins  referred  to  the  fact  that  a 
variation  in  the  calorific  value  of  the  gas  makes  but  a  relatively 
small  variation  in  the  power  developed  by  the  gas  when  exploded  in 
the  cylinder,  owing  to  the  large  dilution  by  the  air  necessary  for 
combustion.  The  Society  may  be  interested  in  some  experiments 
made  at  the  Massachusetts  Institute  of  Technology  to  determine  the 
percentages  of  air  required  for  admixture  with  different  gases  to  pro- 
duce the  best  explosive  mixtures.  These  experiments  show  that  in 
the  case  of  water-gas  the  best  efficiency  results  when  using  that  quan- 
tity of  air  which  gives  a  theoretical  maximum  pressure  of  about  125 
pounds  per  square  inch.  Using  this  quantity  of  air  for  the  different 
gases  (except  blast  furnace  gas),  we  have  the  following  table  which 
shows  the  volumes  of  air  per  one  volume  of  gas,  and  the  percentage 
of  hydrogen  in  the  mixture  of  air  and  gas  as  exploded: 


Anthracite    {      Mond  Coke 

producer        producer        oven 
gas  gas  gas 


Blast 
furnace 


Natural 
gas 


Volume  of  air  per  one 

volume  of  gas 

1.09 

1.50 

8.93 

0.65 

12.40 

Per  cent  of  hydrogen .  . 

7.77 

8.16 

4.60 

0.00 

1.50 

2  From  these  last  figures  it  is  plain  that  the  claim  made  by  some 
that  coke  oven  gas  is  more  liable  to  back  firing,  or  preignition,  on  ac- 
count of  its  high  percentage  of  hydrogen,  can  hardly  be  maintained, 
since  the  percentage  of  hydrogen  is  lower  in  the  mixture  as  exploded 
than  either  anthracite  or  Mond  producer  gas. 


762  DUTY  TEST  ON  GAS  POWER  PLANT 

Prof.  Wm.  Kent  Mr,  Bibbins  states  that  this  test  was  a  service 
test,  and  not  primarily  for  efficiency. 

2  I  should  like  Mr.  Bibbins  to  explain  in  what  way  the  performance 
could  have  been  bettered.  He  did  say  something  about  the  tempera- 
ture of  the  jacket  water  and  that  if  it  had  been  hotter  the  efficiency 
would  have  been  higher,  I  should  like  to  have  him  elaborate  this 
point  and  also  to  say  what  other  changes  would  have  tended  to 
increase  the  efficiency.  You  couldn't  change  the  size  of  the  engine; 
nor  the  speed;  nor  the  composition  of  the  gas.  It  seems  to  me  there 
was  very  Uttle  that  could  have  been  changed,  The  record  of  the 
test  is  very  valuable  and  I  am  glad  to  have  it,  but  there  is  one 
little  thing  to  which  I  would  hke  to  take  exception. 

3  In  Par.  4  the  author  says  that  the  engine  used  perhaps  one- 
third  of  the  coal  that  would  have  been  required  for  steam  power. 
Now  I  notice  that  the  gas  engine  used  0.805  pounds  coal  per  one  horse 
power  hour.  Three  times  that  consumption  would  have  been  2.415 
which  would  be  the  rate  for  a  very  uneconomical  steam  engine,  and 
more  than  double  the  figure  for  the  best  practice.  The  gas  men  com- 
pare the  gas  engine  with  the  old  style  steam  engines.  Why  do  they 
not  compare  it  with  performances  of  triple  expansion  pumping 
engines,  which  have  reached  a  consumption  of  1.05  pounds  on  Clear- 
field or  Pocahontas  coal,  and  in  which  there  is  a  possibiUty  of  getting 
down  to  ninth-tenths  of  a  pound?  That  is  a  figure  which  can  be 
reached  by  a  steam  engine;  why  use  the  steam  figures  from  an  old 
worn  out  plant  20  years  old? 

Prof.  C.  E.  Lucke  The  average  member  who  has  not  tried  to 
make  a  producer  gas  power  plant  test  does  not  realize  the  difficulty 
of  the  job,  and  I  hope  that  the  discussion  of  Mr.  Bibbins'  paper  will 
not  degenerate  into  Uttle  quibbles  in  regard  to  the  details  of  this  test. 

2  I  think,  on  the  whole,  we  are  to  be  congratulated  on  getting 
results  that  are  so  clear  and  definite.  There  is  a  question  I  would 
like  to  have  answered,  concerning  the  peculiar  behavior  of  the  anthra- 
cite and  bituminous  coal  in  the  producer,  both  being  present  at  the 
same  time.  As  I  understand  it,  the  bituminous  coal,  in  gasifying 
during  the  distillation  stage,  carries  down  carbon  in  the  volatile  form 
to  the  anthracite  bed  and  there  deposits  some  of  it. 

3  If  this  is  the  case,  there  is  a  very  important  principle  involved 
because  certain  forms  of  carbon  gasify  in  producers  more  rapidly 
than  others.  For  instance,  a  porous  variety  such  as  we  have  in 
charcoal,  gasifies  at  low  temperatures  and  rapidly,  whereas  carbon, 
in  the  lamp  black  or  soot  form,  requires   high  temperature  and  a 
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longer  time  of  contact  between  the  air  or  CO2  and  the  carbon  to  effect 
gasification.  If  it  is  true  that  some  of  the  bituminous  carbon  is 
deposited  in  the  form  of  soot,  on  the  anthracite,  it  would  appear  that 
because  higher  temperature  is  required  to  gasify  it  and  the  deposit 
was  made  at  a  point  where  the  temperature  was  quite  low,  it  might 
never  be  regasified.  I  ask  Mr.  Bibbins  if  he  can  throw  some  light 
on  this  phenomenon  of  transfer  and  redeposit  of  carbon. 

Prof.  Sidney  A.  Reeve  In  Fig.  8  is  shown  a  curve  of  producer 
efficiency,  rising  with  an  increase  of  load.  I  would  inquire  how  this 
curve  is  obtained,  since  no  observations  of  fuel  consumption  could 
be  associated  with  the  holder  drop  tests. 

2  Secondly,  if  this  curve  be  true,  does  it  not  show  that  the  pro- 
ducer capacity  was  too  great  for  the  engine  rating?  At  the  maximum 
load  recorded,  an  overload  of  20  per  cent,  the  producer  efficiency  is 
still  rising  rapidly.  We  naturally  expect  of  gas  producers  the  same 
general  form  of  characteristic  shown  by  all  other  devices  (except  the 
Otto  type  of  gas  engine),  viz:  a  region  of  maximum  efficiency  at  or 
slightly  below  rated  load,  with  decreasing  efficiency  under  overload. 
Undoubtedly  this  producer  would  develop  such  a  characteristic  were 
it  pushed  sufficiently.  But  from  the  diagram  it  does  not  appear  to 
have  approached  its  point  of  maximum  efficiency,  even  at  600  horse 
power. 

3  In  Par.  29  I  notice  discussion  of  the  possible  effect  upon  the 
hydrogen  content  of  the  gas  of  var3dng  the  period  of  water  gas 
making.  As  this  period  is  stated  as  amounting  to  only  20  or  30 
seconds — occurring  how  often  is  not  stated — it  must  be  a  matter  of 
considerable  moment  in  the  efficiency  of  operation  to  end  this  period 
correctly. 

4  Mr.  Bibbins  in  describing  the  holder  drop  tests,  speaks  of  the 
avoidance  of  variation  in  holder  dimension  by  sun  heat,  by  making 
the  tests  at  night.  Is  not  the  effect  of  temperature  upon  the  accuracy 
of  such  readings  much  more  noticeable  in  the  temperature  of  the 
gas  than  in  the  temperature  of  the  shell?  I  would  inquire  what 
measures  were  taken  to  determine  the  temperatures  of  the  gas  at 
different  points  in  the  holder,  and  at  different  times. 

5  I  am  interested  in  the  form  of  characteristic  of  engine  efficiency 
shown  in  Fig.  2,  as  corroborating,  by  the  latest  accepted  practice, 
the  statements  made  in  my  own  paper  of  the  present  session,  viz: 
that  it  is  a  fundamental  characteristic  of  the  best  existing  gas  engines 
that  the  efficiency  should  become  a  maximum  only  at  maximum 
overload.     Mr.  Bibbins'  engine  shows  a  maximum  efficiency  of  over 
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26  per  cent,  but  only  at  14  per  cent  overload;  the  maximum,  appar- 
ently, of  which  the  engine  is  capable.  If  it  be  assumed  that  in  usual 
practice  an  engine  load  will  vary  between  60  and  100  per  cent  of 
rating,  or  between  50  and  1 10  per  cent,  then  the  average  efficiency 
of  this  engine  would  be  less  than  23  per  cent,  or  an  eighth  less  than 
the  best  of  which  it  is  actually  capable.  The  misfortune  of  this  fact, 
however,  does  not  he  so  much  in  the  loss  of  coal  involved  as  it  does 
in  the  inadaptability  of  the  gas  engine  to  meet  heavy  overloads  with 
a  wide  margin  of  power. 

Prof.  L.  P.  Breckenridgb  I  should  Uke  to  submit  the  following 
figures  representing  some  recent  steam  turbine  performances.  The 
turbines  are  installed  in  a  large  Chicago  power  plant. 

a  Turbine  installed  four  years  ago,  4000  kilowatt    capacity, 
gave  a  steam  consumption  of  23  pounds  per  kilowatt- 
hour. 
b  Turbine  installed  two  years  ago,  6000  kilowatt  capacity,  gave 

a  steam  consumption  of  17  pounds  per  kilowatt-hour, 
c  Turbine  installed   one   year   ago,   9000   kilowatt  capacity, 
gave  a  steam  consumption  of  12.93  pounds  per  kilowatt- 
hour. 

Mr.  R.  E.  Mathot  It  has  often  been  demonstrated  that  the 
output  of  a  steam  engine  apparently  does  not  affect  its  internal  fric- 
tion load. 

2  The  most  accurate  method  of  determining  the  mechanical 
efficiency  of  a  steam  engine  consists  in  taking  the  indicator  diagram 
and  calculating  the  power  of  the  engine  at  zero  load  and  then  at  nor- 
mal load.  The  mechanical  efficiency  will  then  be  expressed  by  the 
ratio  of  the  difference  between  these  powers  to  the  power  at  normal  load . 

3  I  have  never  succeeded  in  ascertaining  exactly  the  mechanical 
efficiency  in  the  way  Mr.  Bibbins  reports  in  his  paper,  that  is,  by  com- 
paring the  effective  power  recorded  by  the  brake  with  the  power  cal- 
culated from  the  corresponding  indicator  card. 

4  The  accuracy  of  an  indicator  cannot  be  depended  upon  in  record- 
ing full  load  on  an  explosive  engine,  for  there  are  too  many  sources 
of  error,  as  pointed  out  by  Professor  Lucke, besides  many  mechanical 
troubles  in  the  operation  of  the  indicators.  The  only  practical  way 
of  determining  the  mechanical  efficiency  seems  to  be  the  method  used 
in  testing  steam  engines. 

5  A  light  or  weak  spring  should  be  used  for  a  series  of  at  least  30 
to  50  cards,  when  the  engine  is  under  no  load.     This  operation  should 
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be  repeated  several  times  with  springs  of  different  scales,  so  as  to 
check  one  spring  by  the  others  anrl  they  should  all  be  calibrated  for 
errors. 

6  The  indicated  power  so  recorded  would  be  the  effective  horse 
power  required  by  the  engine  itself  to  overcome  its  own  internal 
friction  and  resistance  and  give  a  means  of  calculating  mechanical 
efficiency. 

Mr.  C.  L.  Straub'  I  notice  that  Mr.  Bibbins  refers  to  the  effi- 
ciency of  the  producer,  based  on  the  lower  heat  value  of  the  gas.  This 
is  not  a  true  efficiency  of  the  producer.  The  efficiency  of  any  appara- 
tus, whether  a  gas  producer,  steam  boiler,  or  other  device,  is  computed 
in  terms  of  the  actual  value  of  the  output  energy,  divided  by  the  actual 
value  of  the  input  energy,  the  result  being  the  percentage  of  the 
efficiency. 

2  The  actual  output  value  of  a  gas  producer  is  represented  in  the 
higher  heating  value  of  the  gas,  it  being  no  fault  of  the  producer  that 
the  gas  engine  is  unable  to  cope  with  the  latent  heat  of  steam,  due  to 
the  combustion  of  hydrogen  in  producer  gas.  When  reference  is  made 
to  the  efficiency  of  any  gas  producer,  it  should  in  justice  be  made 
to  the  higher  heating  value  of  the  gas  furnished  by  that  producer. 

3  I  would  also  hke  to  ask  Mr.  Bibbins  whether,  in  calculating  his 
efficiencies,  he  used  as  his  fuel  basis  the  lower  heat  value  of  the  fuel, 
and  whether  the  calorific  value  of  the  fuel  was  determined  by  analysis 
or  by  calorimeter.  If  by  the  former  method,  unless  commensurate 
allowance  was  made,  a  high  heating  value  was  obtained.  It  is  a  fact 
also,  that  the  calorific  value  of  any  fuel  as  determined  by  a  bomb- 
calorimeter,  should  be  referred  to  the  lower  heating  value  of  that  fuel, 
providing  the  gas  produced  from  the  fuel  is  also  referred  to  the  lower 
heating  value  of  the  gas. 

4  Information  was  asked  regarding  the  depreciation  on  gas  engines 
and  gas  power  plants.  I  know  of  a  number  of  gas  producer  plants 
that  have  been  in  operation  for  20  years  and  are  still  running.  In  one 
plant  at  New  Haven,  Conn.,  the  average  repairs  per  annum  for  seven 
years,  have  been  $147.  This  plant  was  installed  to  burn  under  nor- 
mal conditions,  about  18  lb.  of  fuel  per  square  foot  of  combustion 
area.  This  is  at  the  rating  of  1000  h.p.  on  each  pair  of  the  four  units. 
Under  their  commercial  conditions,  they  are  burning  considerably 
over  forty  pounds  of  fuel  per  square  foot.  This  means  that  they  are 
getting  continuously  over  100  per  cent  overload  out  of  the  producer, 

'  Engineer,  Loomis,  Pettibone  Company,  New  York. 
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and  thoir  officioncies  are  considerably  over  SO  por  cent,  based  on  the 
lower  vnlne  of  the  gas. 

Ml-.  I')il>l»ins  is  tf)  he  complimented  upon  the  very  intei-esting paper 
he    lias    pi'osenhMJ. 


I'kof.   William  D.  J'Lwis.     The  thermal  efficiency  curve  of  Fig. 
2    is    important,    and    should    be   thoroughly    established.     In    the 
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FIG.  1     CURVES  SHOWING  GAS  EFFICIENCY 


accompanying  diagram,  Fig.  1,  curve  /  is  plotted  from  the  data 
given  in  Table  1.  Curve  II  represents  the  results  of  three  trials 
made  in  August  on  a  500  h.p.  Westinghouse  horizontal  double  acting 
gas  engine  with  a  300  kw.  direct  current  generator  and  a  gas  generat- 
ing unit  built  by  R.  D.  Wood  &  Co.,  located  at  Richmond.  This 
curve  shows  a  less  economical  performance  than  the    former,   but 
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the  light  load  efRciency  is  higher  in  proportion  to  the  full  load  effi- 
ciency. In  other  words,  the  curve  is  less  steep.  The  results  charted 
are  those  of  actual  operation,  the  three  tests  being  of  from  125  to  136 
hours  duration  on  actual  shop  loads  so  that  the  results  are  compar- 
able rather  with  that  given  in  Table  8,  viz:  2.015  pounds  coal  con- 
sumed per  kilowatt  hour,  than  with  the  brief  "holder  drop"  tests  of 
Table  1,  or  the  51  hour  test.  The  best  result  at  Richmond  was  1.653 
lb.  of  Pocahontas  coal  per  kilowatt  hour,  on  a  fluctuating  load 
which  averaged  slightly  over  the  generator  capacity.  The  efficiency 
from  coal  as  fired,  to  bus-bars,  was  about  14  per  cent.  This  may  be 
compared  with  the  figure  of  10.3  per  cent  recently  given  for  one  of  the 
largest  and  most  economical  of  our  steam  power  plants.  The  thermal 
efficiency  of  the  engine  was  close  to  25  per  cent. 

2  There  is  nothing  gained  by  comparing  these  curves  with  those 
of  steam  engines.  As  is  pointed  out  in  the  paper  the  total  hourly 
fuel  consumption,  Fig.  2,  is  represented  by  a  nearly  straight  line. 
Without  mechanical  losses,  the  efficiency  curves  of  the  accompanying 
diagram  would  be  nearly  horizontal  lines.  The  greater  preponder- 
ance of  the  effect  of  mechanical  losses  at  light  loads  gives  these  curves 
their  inclination  and  curvature.  We  might  select  for  comparison  a 
steam  engine  having  very  low  mechanical  losses — a  simple  engine. 
It  would  give  a  better  efficiency  curve,  of  course;  but  if  we  selected 
a  more  economical  type  of  steam  engine,  the  mechanical  losses  would 
be  higher  and  the  efficiency  curve  would  not  be  as  good  as  that  of 
these  two  gas  engines;  still  it  would  on  the  whole,  be  more  efficient 
than  the  simple  engine.  As  far  as  thermal  efficiency  is  concerned,  the 
total  hourly  fuel  consumption,  charted  as  a  nearly  straight  line  in 
Fig.  2,  shows  it  to  be  almost  constant;  in  the  Richmond  tests  it  was 
still  more  nearly  constant.  In  order  that  such  gas  engines  may 
have  efficiency  curves  equal  to  those  of  the  best  steam  engines,  it  is 
thereforenecessary  only  that  the  mechanical  losses  be  as  low.  Mechan- 
ical efficiencies  of  83  per  cent,  as  given  in  /,  Par.  3,  certainly  give 
no  ground  for  apprehension  in  this  respect. 

Mr,  W.  H.  Morse  I  have  been  rather  interested  in  the  statement 
of  Mr.  Straub  as  to  the  rate  of  combustion  per  square  foot  as  com- 
pared with  his  test.  This  test  ranged  from  about  12^  to  17  lb.,  and 
if  I  am  not  misinformed,  the  horse  power  rating  of  this  producer  was 
about  the  same  as  that  of  the  engine.  I  should  Uke  to  know  whether 
there  were  any  indications  during  this  test  that  the  producers  were 
operated  close  to  their  maximum  rating. 

2     How  close  to  its  rating  (designed  efficiency)  did  the  producer 
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operate?  I  have  no  information  on  this,  excepting  from  the  owners 
of  the  Norton  plant,  and  I  feel  quite  safe  in  saying  that  we  could  by 
no  means  have  carried  a  full  consumption  rate,  as  the  difficulties  in 
carrying  the  heats  of  the  fires  would,  in  my  judgment,  have  been 
insurmountable  especially  in  continuing  the  test  for  151  hours,  which 
corresponds  to  a  full  week's  practical  run. 

The  Author  Professor  Reeve  inquires  why  the  producer  efficiency 
curve  is  not  flatter  at  full  load.  The  characteristic  curve  of  producer 
efficiency  involves,  as  explained  in  Par.  26,  an  assumption  that  the 
losses  in  the  producer  bear  a  certain  relation  to  the  weight  of  coal  fed 
into  it;  i.e.,  to  the  heat  input.  Our  assumption,  however,  covers 
a  comparatively  short  range  of  load,  400  to  550  b.h.p.,  so  that  no 
great  error  was  involved  in  considering  the  two  lines  representing 
producer  and  engine  input  as  parallel.  Owing  to  the  difficulty 
of  running  a  sufficient  number  of  coal  consumption  tests,  we  have  no 
actual  knowledge  of  the  characteristic  curve  of  producer  efficiency. 

2  Supplementary  note:  Since  the  original  calculations  upon 
producer  efficiency  were  made,  a  new  method  of  obtaining  a  fairly 
accurate  knowledge  of  the  producer  efficiency  at  fractional  loads 
has  occurred  to  me.  This  is  outlined  below.  In  the  average  pro- 
ducer plant,  it  is  usually  a  difficult  matter  to  conduct  tests  of  the 
necessary  duration  at  fractional  loads.  The  only  alternative  that 
seems  to  meet  the  necessities  of  the  case  is  to  determine  the  average 
coal  consumption  during  several  periods  in  which  the  plant  is  kept 
running  idle;  and  again,  through  standby  periods,  as,  for  instance, 
during  Sunday  in  a  plant  not  operating  continuously.  With  a  num- 
ber of  such  runs  averaged,  fairly  accurate  data  representing  producer 
input  at  fractional  loads,  would  be  available.  These  may  be  applied 
as  follows: 

3  Referring  to  the  accompanying  curves,  Fig.  1,  the  plot  is  identi- 
cal with  that  of  Fig.  8  in  the  paper,  with  the  exception  that  the  area 
at  the  left  of  the  origin  has  been  included.  The  line  of  engine  input 
is  re-plotted  from  Fig.  2.  As  it  is  based  upon  a  number  of  tests  at 
different  loads,  we  may  assume  that  a  proportional  relation  exists 
between  load  and  heat  input  to  the  engine.  Producing  this  line  to 
the  left,  indicates  that  the  losses  (area  A)  inherent  to  the  engine- 
driven  unit,  are  166  kw.,  covering  mechanical  friction,  windage  and 
all  thermal  and  electrical  losses  up  to  the  point  of  useful  power  gen- 
eration. 

4  But  even  with  the  engine  standing  idle,  a  certain  loss  is  incurred 
in  keeping  the  producer  fuel  bed  up  to  the  gasing  point.     Locate 
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above  this  secondary  origin  a  point  B  representing  the  heat  value  of 
this  standby  coal.*  Locate  also  a  point  A^  representing  the  heat 
input  during  the  51-hr.  coal  consumption  test.  We  now  have  two 
points,  B  and  N ,  with  which  to  locate  the  line  of  producer  input 
throughout  the  entire  range  of  load.  Producing  this  line  to  the  left, 
indicates  that  the  standby  loss  (area  C)  is  equivalent  to  70  kw.,  which 
is  less  than  one-half  of  the  no-load  engine  loss. 

5  Total  area  D,  or  conversely,  the  rectangular  area  E  at  the 
right  of  the  primary  origin,  now  represents  the  total  loss  between 
coal  pile  and  switchboard,  which  remains  constant  at  all  loads  and 
may  be  considered  as  an  overhead,  or  fixed  charge  upon  the  plant. 
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FIG.  1     METHOD  OF  ESTIMATING  FRACTIONAL  PRODUCER  EFFICIENCIES 

Without  this  loss,  it  follows  that  the  producer  plant  is  capable  of 
delivering  power  at  the  rate  of  0.8  lb.  per  kw-hr.  net  at  any  load 
within  its  range  of  capacity;  or  in  other  words,  its  efficiency  is  con- 
stant. 

6  From  these  two  lines,  the  producer  and  engine  input  respec- 
tively, the  producer  efficiency  curve  may  be  obtained.  At  full-load, 
the  efficiency  is  approximately  75  per  cent,  at  half-load,  70  per  cent, 
at  no-load,  60  per  cent— something  of  a  paradox,  as  one  naturally 
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•At  a  500  h.p.  producer  gas  plant  at  Richmond,  Va.,  this  standby  coal  con- 
sumption averaged  46  lb.  per  hour.  At  the  Norton  plant,  the  standby  loss  is 
somewhat  higher  owing  to  the  extra  loss  incurred  in  rebuilding  fires  weekly.  On 
the  whole,  however,  the  two  different  types  of  producers  agree  extraordinarily  in 
this  respect. 
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expects  efficiencies  to  fall  off  progressively  from  maximum  at  full- 
load  to  zero  at  no-load.  But  it  is  interesting  to  note  here  that  at 
no-load  on  the  plant,  the  producer  operated  at  a  rate  of  practically 
one-third  its  normal  output  at  full-load. 

7  This  efficiency  curve  is  slightly  flatter  than  that  assumed  in 
the  paper,  as  embodied  in  Fig.  8;  but,  on  the  other  hand,  it  seems  to 
bear  out  in  general  the  assumption  made.  The  fact  that  the  pro- 
ducer and  engine  input  lines  are  not  exactly  parallel,  indicates,  first, 
a  certain  constant  loss  at  all  loads  combined  with,  second,  a  variable 
loss  increasing  with  the  load,  due  perhaps  to  the  increased  loss  of 
sensible  heat  in  the  gas,  etc. 

8  This  cursory  study  indicates  that  the  gas  producer  throughout 
the  range  of  operation  in  the  average  plant  is  not  only  an  unusually 
efficient  piece  of  apparatus,  but  its  efficiency  is  little  affected  by  vary- 
ing loadings.  How  best  to  conduct  tests  on  this  type  of  apparatus, 
is  a  matter  for  future  consideration;  but  it  is  fortunate  that  the 
standby  loss,  both  with  the  engine  running  and  idle  can  be  determined 
very  simply,  only  one  observation  being  involved,  viz:  the  weight  of 
coal,  and  an  average  of  several  runs  should  give  accurate  results. 

9  Professor  Reeve  predicts  a  drooping  efficiency  curve,  were  the 
producer  pushed  hard  enough.  This  seems  to  be  a  rather  fictitious 
case,  inasmuch  as  the  operative  difficulties  surrounding  any  attempt 
to  run  at  higher  rates  of  gasification  would  prevent  this  point  being 
determined — at  least,  such  would  have  been  the  experience  at  Norton 
unless  special  equipment  were  provided. 

10  Regarding  the  effect  of  temperature  on  gas  readings :  Unques- 
tionably the  temperature  variation  of  the  gas  is  much  more  important 
than  that  of  the  holder  shell  as  effected  by  sun  heat.  Nevertheless, 
to  avoid  one  possible  source  of  error,  the  tests  were  run  at  night. 
As  all  measurements  of  gas  quantity  were  made  at  the  holder,  a  care- 
ful record  of  the  pressure  and  temperature  was  made  by  the  appara- 
tus shown  in  Fig.  11  (paper),  located  at  the  holder  outlet.  By  Ufting 
the  thermometer  through  the  central  tube  provided,  allowing  gas 
to  escape  through  the  tube  with  considerable  velocity,  an  accurate 
measure  of  the  gas  temperature  was  obtained.  This  varied  but  a 
few  degrees  throughout  the  test. 

1 1  The  frequency  of  water  gas  making  for  the  entire  test  is  shown 
by  the  gas  log.  Fig.  4,  the  time  of  each  water  gas  run  being  plotted  in 
per  cent  of  the  corresponding  interval  of  air  gas  run.  These  runs  were 
maintained  fairly  constant,  and  the  respective  periods  seem  to  be 
dependent  largely  upon  the  condition  of  the  fuel  bed  and  the  charac- 
ter of  gas  desired.     With  too  long  runs  on  water  gas,  the  fires  would 
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be  killed  and  steam  would  pass  through  without  disassociation;  Avith 
too  short  runs,  the  high  temperature  of  the  fuel  bed  would  bring  about 
excessive  clinker  formation.  Some  plants,  requiring  the  maximum 
make  of  water  gas,  blast  the  fires  for  a  shorter  period,  but  at  a  much 
more  rapid  rate,  thus  keeping  down  the  average  temperature  while 
increasing  the  output. 

12  Mr.  W.  D.  Ennis  refers  to  efhciency  tests  conducted  at  Rich- 
mond upon  a  producer  gas  power  plant  of  the  same  size  and  character, 
except  equipped  with  a  different  tj-pe  of  producer.  The  principal 
reason  for  the  somewhat  lower  efficiency  shown  is  that  the  Richmond 
test  was  run  at  a  considerably  lower  load  than  the  average  for  the  Nor- 
ton test,  even  though  above  the  generator  rating.  Consequently  the 
curves,  1  and  2  in  Fig.  1,  accompanying  his  discussion,  are  not  strictly 
comparable.  Owing  to  the  wide  difference  of  opinion  as  to  desirable 
over-load  capacity  of  gas  engine,  the  generators  in  this  particular 
plant  were  much  smaller  than  the  corresponding  load  capacity  of  the 
gas  engines  for  continuous  running.  The  Richmond  test  curve  No.  2 
should  more  properly  be  compared  with  Fig.  13  in  the  Norton  paper, 
representing  a  large  number  of  weekly  operating  results  averaged 
graphically.  These  show  about  1.8  lb.  net  coal  per  kw-hr.  at  a  load 
corresponding  to  the  Richmond  test,  which  result  checks  fairly  well 
with  the  latter  when  it  is  considered  that  the  Norton  plant  runs  but 
little  over  30  per  cent  of  the  time  with  the  14- hr.  standby  losses 
included  in  these  economies.  By  plotting  the  three  tests  at  Rich- 
mond for  various  loads,  the  coal  consumption  of  the  plant  at  full 
engine  load  may  be  obtained  b)''  exterpolation,  1.59  lb.  per  kw-hr., 
equivalent  to  a  little  under  1.0  lb.  per  brake  horse  power  hour. 

13  Professor  Kent  deprecates  the  comparison  of  gas  plant  with  what 
we  may  term  the  average  steam  plant.  He  cites  some  very  high  steam 
efficiencies  and  inquires  how  our  efficiencies  at  Norton  could  have 
been  improved.  Perhaps  we  have  made  the  comparison  too  abrupt, 
but  I  may  again  mention  the  fact  that  the  Norton  plant  was  tested 
in  its  regular  everyday  working  condition,  and  as  such,  is  compar- 
able with  the  average  operating  results  from  a  high  grade  Corliss  plant. 
The  general  practice  in  steam  engineering  to  base  efficiencies  on  indi- 
cated horse  power  makes  it  more  difficult  to  appreciate  offhand  the 
greatly  improved  efficiencies  obtained  from  a  good  gas  engine  in 
which  power  is  usually  measured  by  brake  or  electrical  horse  power. 

14  The  Norton  test  results  might  have  been  improved  in  many 
ways  entirely  aside  from  the  special  care  usually  put  upon  an  equip- 
ment to  insure  that  it  may  be  perfectly  attuned  to  the  requirements 
of  the  test.     A  steady  rheostat  load  might  have  been  substituted  for 
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tlic  vjirialdf  slioj)  load  occurring;  durinjj;  the  day,  yielding  a  higher 
average  load  than  recorded.  The  teni|)erature  of  the  jacket  water 
might  liavc  been  rai.scd  considerably,  thereby  decreasing  the  jacket 
absorption  by  a  considerable  percentage,  part  of  which  would  be 
realized  in  increased  engine  efficiency.  The  producer  fires  might  have 
been  worked  over  continually  to  maintain  more  uniform  conditions 
and  better  gas.  Although  the  difference  is  not  material,  the  engine 
will  respond  to  an  improvement  in  quality  of  gas,  its  capacity  increas- 
ing with  the  heat  value  of  the  mixture.  Take  for  instance  the  case  of 
natural  gas  versus  blast  furnace  gas,  a  large  difference  exists — perhaps 
as  much  as  30  per  cent — in  the  heat  value  of  a  cubic  foot  of  re.spective 
mixtures.  Although  the  higher  compression  of  the  lean  gas  compen- 
sates to  some  extent,  the  latter  evidently  necessitates  a  larger  cylin- 
der for  the  same  capacity,  and  hence  a  somewhat  higher  engine  fric- 
tion. And  this  is  entirely  independent  of  the  question  of  combustion 
within  the  engine  cylinder.  Any  considerable  variation  in  gas  quaUty 
requires  an  adjustment  of  mixture  at  the  engine.  Hence,  it  is  an 
unquestionable  fact  that  to  produce  the  best  efficiency  of  combustion, 
the  quality  of  gas  must  not  be  allowed  to  vary  as  it  did  to  some  extent 
during  the  Norton  test  (from  101  to  126  B.t.u.  per  cubic  foot).  It  is, 
therefore,  quite  reasonable  to  predict  an  even  higher  plant  efficiency 
than  here  recorded  with  the  proper  conditions  maintained. 

15  I  appreciate  the  sympathy  extended  by  Dr.  Lucke  in  his 
comments  upon  the  difficulties  surrounding  the  testing  of  a  producer 
of  the  intermittent  type,  and  I  am  free  to  confess  my  total  inability  to 
analyze  further,  with  the  data  at  hand,  the  curious  phenomenon  of 
carbon  deposition,  which  apparently  took  place  within  the  producer. 
To  my  knowledge  such  a  producer  reaction  has  not  been  reported 
before ;  at  least  I  have  never  noted  any  comments  upon  it  from  other 
investigators. 

16  Mr.  R.  E.  Mathot's  method  of  computing  mechanical  efficiency 
does  not  seem  to  me  applicable  to  a  test  of  this  nature.  In  fact,  the 
efficiencies  based  upon  the  difference  between  full  load  and  no  load 
power,  as  constant  loss  would  involve  a  very  serious  error  in  that 
the  same  conditions  as  regards  either  friction  or  combustion  efficiency, 
do  not  obtain  at  full  load.  With  increasing  load,  the  engine  friction 
unquestionably  increases,  due  to  the  heavier  bearing  and  pin  pressures 
and  thrust  of  piston  rings  against  the  cylinder  walls.  The  former  has 
been  demonstrated  by  tests  of  large  steam  engines  (e.g.,  6500  h.p. 
vertical,  three-cylinder  Corliss,  New  York  Edison,  Waterside  Station) 
and  it  should  be  equally  true  in  the  gas  engine.  The  accuracy  of  the 
graphical  method,  in  Fig.  5  of  the  paper,  entirely  avoids  this  assump- 
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tion  of  constant  engine  friction,  ^vhetlier  right  or  wrong.  And  its 
accuracy  is  proved  by  the  ahnost  perfect  agreement  of  the  two  10  hr. 
average  points  covering  periods  of  fairly  constant  load  which  were 
plotted  after  the  average  line  was  drawn.  This  method  is  prac- 
tically equivalent  to  calibrating  the  generating  unit. 

17  As  to  the  accuracy  of  the  indicator  for  gas  engine  work,  I 
would  emphasize  the  fact  that  with  a  slow-speed  engine,  such  as 
we  are  dealing  with,  most  of  the  difficulties  of  high  speed  work  are 
avoided,  and  with  reasonable  care  in  the  calibration  of  springs  and  in 
keeping  the  indicator  clean  and  well  lubricated,  the  most  serious  errors 
at  least  are  overcome.  From  a  detailed  inspection  of  these  72  sets 
of  cards,  we  feel  reasonably  sure  of  an  accurate  result;  especially  when 
the  erratic  results  may  so  easily  be  detected,  as  by  the  graphical 
method. 

18  As  to  the  highest  temperature  that  can  be  permitted  for 
discharge  jacket  water  inquired  into  by  Mr.  Parker,  the  average  dur- 
ing the  test  held  close  to  110  deg.  fahr.  Individual  water  circuits, 
however,  may  have  run  higher,  although  we  did  not  attempt  to  observe 
other  than  the  total  discharge  from  the  engine.  This  represents 
normal  practice  at  this  plant,  but  the  jackets  might  have  run  much 
higher,  probably  150  deg.  fahr.  Some  gas  engine  plants  are  operating 
on  even  hotter  jacket  water — one  discharging  at  about  200  deg. 
fahr.  in  connection  with  acoolingpond;  but  150  deg.  maybe  considered 
a  reasonable  limit. 

19  In  reply  to  what  Mr.  Morse  has  said  as  to  the  probable 
maximum  rate  of  combustion  with  the  Norton  equipment,  I  feel  quite 
safe  in  saying  that  we  could  not  have  carried  a  much  higher  rate  than 
the  maximum  during  the  test,  17  lb. ,  unless  this  could  have  been  brought 
about  by  operating  the  producer  differently,  and  no  experiments  were 
made  along  this  line.  Certainly  double  the  combustion  rate  would 
have  been  out  of  the  question,  considering  the  conditions  obtaining 
after  the  58  hr.  continuous  run,  which  corresponds  to  over  a  full 
week's  commercial  run. 

20  Mr.  Straub  raises  the  vexed  question  of  higher  versus  lower  heat 
value  of  gases.  This  is  an  involved  subject  and  one  upon  which  a 
wide  difference  of  opinion  seems  to  exist.  However,  the  analogy  he 
introduces  concerning  the  use  of  higher  or  lower  heat  value  in  fuel 
determinations,  is,  to  my  mind,  hardly  effective  in  influencing  the 
argument  one  way  or  the  otlier  for  the  li(>at  value  of  gases.  At  best, 
the  difference  is  small  as  compared  with  gases  in  which  there  may 
be  from  10  to  15  per  cent  dirfei-ence  between  higlier  and  lower  values. 
'J'ho  subject  seems  to  me  too  complex  to  discuss  adequately  in  this 
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connection,  and  I  can  best  refer  to  a  communication  from  Mr.  Arthur 
J.  Frith  in  the  discussion  of  the  standardization  of  engine  tests, 
Transactions,  vol.  24.  His  discussion  is  brief  and  masterly,  and  I 
wish  to  add  only  one  thought.  Assuming  the  gas  engine  to  be  a  non- 
condensible  vapor  engine,  it  is  reasonable  to  stipulate  that  it  should 
be  supplied  with  a  gas  suitable  for  its  use.  Should,  therefore,  the 
engine  be  held  responsible  for  wide  and  sudden  fluctuations  in  the 
h3'drogen  content  of  gases?  Is  its  efficiency  as  a  heat  transforming 
mechanism  subject  to  sudden  change,  whenever  the  hydrogen  content 
changes  from  one  cause  or  another?  Mr.  Frith  even  raises  the  ques- 
tion of  the  application  of  the  term  "efficiency"  to  fuel  gas;  e.g.,  100 
per  cent  efficiency  for  a  gas  containing  no  hydrogen;  and  the  efficiency 
decreasing  as  the  hydrogen  content  increases. 
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One  of  the  primary  prerequisites  for  close  engine  control  or  regu- 
lation, be  that  engine  a  steam  engine,  a  gas  engine  or  any  other  kind 
of  motor,  is  absolute  constancy  of  cyclic  effort  with  a  fixed  position  of 
the  controlling  mechanism.  The  promptness  with  which  a  change  of 
effort  will  follow  a  change  of  setting  of  the  governing  or  regulating 
gear  depends  among  other  things  upon  the  cycle  of  operations  to  be 
carried  out  in  the  cyhnder,  and,  in  the  case  of  gas  engines,  the  cycle 
is  such  that  much  time  may  elapse  between  a  governor  movement 
and  the  controlling  effect  desired.  This  has  been  clearly  pointed 
out  in  many  papers  and  as  ordinarily  called  "cycUc  influence"  it  is 
well  understood.  It  is  the  object  of  this  paper  to  examine  into 
the  conditions  under  which  constancy  of  effort  may  or  may  not  be 
obtained  with  constancy  of  setting  of  the  governor  and  valve  gear. 

2  It  is  possible  in  gas  engines  to  get  many  different  indicator 
cards  at  apparently  constant  external  load,  the  differences  indicating 
differences  of  effort  and  in  most  gas  engines,  even  with  the  mechan- 
ism for  controlling  the  engine  fixed  in  position,  the  same  variation 
of  indicated  effect  may  be  observed.  The  differences  which  will  appear 
on  the  indicator  card  for  apparently  identical  conditions  are  not  differ- 
ences in  compression,  suction  or  exhaust  lines,  but  almost  entirely 
differences  of  combustion  and  expansion  lines,  or  as  the  expansion 
line  position  is  fixed  by  the  combustion  line,  it  may  be  said  that  the 
differences  are  due  entirely  to  variations  in  combustion  lines. 

3  It  would  appear,  therefore,  that  because    combustion  lines  in 
gas  engines  are  not  identical  for  apparently  identical  conditions  of  the 
mechanism  that  we  have  failed  to  control  this  combustion  in  a  man- 
Presented    at    tlie    New    York   Meeting  (December  1907)  of  The  American 

Society  of  Mechanical  Engineers  and  forming  part  of  Vohime  29  of  the  Transac- 
tions. 
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FIG,  1     CONTINUOUS  RECORD  SHOWING  VARIABLE  MAXIMUM  PRESSURES 
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ner  required  by  everyday  practice  in  the  use  and  application  of  gas 
engines.  Whether,  however,  this  failure  is  due  to  ignorance  on  the 
part  of  designers,  or  whether  the  end  sought  is  in  opposition  to  nat- 
ural phenomena,  will  not  appear  vi^ithout  analysis. 

4  As  an  illustration  of  some  of  these  variations  Fig.  1  is  presented 
and  represents  a  continuous  record  of  the  maximum  pressure  over 
several  strokes  in  a  small  gasolene  engine  governing  by  holding  the 
exhaust  valve  open  when  the  load  is  light,  each  line  giving  the  results 
of  one  constant  adjustment.  Aside  from  the  variations  produced 
by  the  idle  strokes,  which  are,  of  course,  not  here  considered,  it  is 
to  be  noted  that  the  maximum  pressures  for  any  one  adjustment 


D      200  Iba, 


FIG.  2     INDICATOR  CARDS  SHOWING  PRE-IGNITION 


which  should  be  identical  are  not  identical,  and  that  in  some  cases 
they  are  more  nearly  identical  than  in  others. 

5  From  the  set  of  indicator  cards  of  Fig.  2  it  appears  that  the 
ignition  is  sometimes  spontaneous  or  starts  from  some  point  on  the 
compression  line  before  the  ignitor  has  acted,  indicating  preignition 
of  the  charge.  A  still  different  sort  of  variation  or  lack  of  constancy 
is  shown  in  Fig.  3;  the  variations  are  those  due  to  height  of  combustion 
lines  and  the  form  of  that  part  of  the  combustion  line  which  runs  into 
the  expansion  line.  In  Fig.  4  there  is  presented  another  indicator 
card  in  which  not  only  is  there  a  variation  of  the  combustion  line 
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similar  to  that  of  Fig.  3,  but  one  of  another  sort;  a  violent  wave  ap- 
pears at  times,  different  for  successive  strokes  and  sometimes  absent. 
6  An  examination  of  the  indicator  cards  here  presented  and 
many  others  of  a  similar  kind  that  every  gas  engine  experimenter 
has  found  at  some  time  or  other  will  indicate  that  the  variations  in 


FIG.  3     VARIATIONS  OF  COMBUSTION  LINES 

the  combustion  line  are  principally  of  three  sorts,  running  one  into 
the  other;  first,  there  may  be  too  early  a  beginning  of  the  combus- 
tion line  or  preignition,  which  comes  and  goes  sometimes  in  the  most 
puzzling  fashion,  but  which  at  other  times  can  be  traced  to  a  remov- 
able cause  and  eliminated;  secondly,  with  an  absolutely  constant  igni- 
tion and  smooth  lines  successive  strokes  may  indicate  a  displacement 


FIG.  4     VARIATIONS  OF  COMBUSTION  LINES  WITH  WAVES 


of  whole  or  part  of  the  combustion  line.  This  is  a  mixture  variation 
effect.  Thirdly,  there  may  be  at  some  time  violent  waves  or  even 
mild  waves  differing  on  successive  strokes,  passing  away  and  recur- 
ring at  times,  and  at  other  times  persistently  present.  This  is  the 
phenomenon  of  the  explosive  wave. 
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MIXTURE    EFFECTS 


7  A  variation  of  mixture  may  affect  the  combustion  line  through 
a  change  in  the  rate  of  propagation,  which  results  from  changes  in 
mixture  proportion  considered  in  conjunction  with  piston  speed.  A 
slow  burning  mixture  will  tend  to  give  a  flatter  combustion  Une  with 
a  fixed  piston  speed  than  a  fast  mixture.  Likewise,  a  mixture  may 
begin  to  burn  rapidly  and  finish  slowly,  giving  succeeding  combus- 
tion lines  which  coincide  in  part,  but  which  vary  toward  the  end 
where  the  combustion  hne  runs  into  the  expansion  line  from  the 
dilution  of  the  last  part  of  the  charge  by  early  produced  neutral  gases. 
Through  excessive  dilution  of  some  part  of  the  mixture  in  the  cylinder, 
which  it  must  be  understood  is  probably  not  homogeneous,  some  of 
the  gas  may  not  burn  and  on  succeeding  strokes  the  diffusion  may 
be  more  or  less  complete  than  before,  allowing  the  incompleteness 
of  the  combustion  to  vary  toward  the  end  of  the  process.  The  actual 
mixture  under  combustion  consists  not  merely  of  air  and  gas,  but 
rather  air,  gas  and  burnt  or  neutral  gases.  Any  variation  of  propor- 
tion of  the  quantity  of  air,  gas  or  burnt  gases  to  the  whole  that  may 
occur  will  produce  variations  in  combustion  lines,  but  variations  in 
combustion  lines  may  just  as  well  occur  when  the  proportions  of 
totals  are  constant,  through  lack  of  homogeneity  of  the  mixture  on 
successive  strokes. 

8  Excluding  for  the  moment  a  consideration  of  neutral  products 
the  problem  of  securing  a  proper  proportion  of  air  to  gas  in  the  cylin- 
der is  one  of  orifice  flow,  and  the  failure  to  secure  it  may  be  analyzed 
on  the  basis  of  the  laws  covering  orifice  flow.  In  this  connection  it 
must  be  remembered  that  it  is  not  volume  proportions  that  are 
most  important,  but  rather  weight  proportions,  since  it  is  a  definite 
weight  of  air  that  is  required  to  burn  a  definite  weight  of  gas,  although 
volume  proportionality  will  follow  if  the  pressure  and  temperature 
of  both  the  air  and  the  gas  are  constant  and  the  same,  which  unfor- 
tunately is  seldom  true.  The  orifices  through  which  the  air  and  gas 
flow  separately  to  form  the  mixture  are  of  very  peculiar  forms,  as  a 
rule,  and  not  the  same  either  in  size  or  form  so  that  the  laws  of  varia- 
tion of  proportion  are  reducible  to  the  laws  of  variation  in  the  weight 
of  air  per  pound  of  gas  flowing  through  separate  orifices  of  different 
form  and  size  at  probably  different  temperatures  and  with  different 
pressure  drops  or  pressure  heads. 

9  It  is  well  known  that  the  coefficient  of  efflux  for  the  flow  of 
gases  through  orifices  varies  with  the  size  of  opening,,  shape  of  open- 
ing and  velocity  of  flow  or   pressure  head.     Air  enters  the  engine 
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cylinder  under  the  influence  of  a  pressure  head  represented  by  the 
cylinder  vacuum.  The  gas,  however,  has  a  pressure  higher  than 
atmosphere  if  pressure  gas  and  lower  than  atmosphere  if  suction 
producer  gas,  so  that  while  the  head  causing  the  flow  of  air  is  the 
cylinder  vacuum  alone,  the  head  causing  the  flow  of  gas  when  under 
pressures  is  the  sum  of  the  cylinder  vacuum  head  and  its  own  pres- 
sure head,  and  when  under  suction  is  the  difference  between  the 
cylinder  vacuum  and  the  gas  pipe  vacuum.  Gas  pressures  are, 
moreover,  never  constant  in  practice  nor  will  any  of  the  gas  pres- 
sure regulators  proposed  and  used  make  them  constant  nor  reduce 
them  uniformly  to  atmosphere  because  they  always  involve  inertia 
effects  of  moving  solid  parts  and  of  the  gas  itself. 


FIG.  5     VARIATIONS  DUE  TO  CHANGES  IN  MIXTITRE 

10  With  a  fixed  opening  the  cyUnder  vacuum  head  acting  on  the 
orifices  is  a  variable  because  piston  speed  in  engines  varies  from  zero 
to  a  maximum  and  back  to  zero  for  every  suction  stroke.  This 
variable  vacuum  head  with  fixed  gas  pressure  head  either  positive  or 
negative  causes  a  variation  in  the  ratio  of  the  total  head  on  the  gas 
orifice  to  the  total  head  on  the  air  orifice  and  hence  has  the  effect  on 
varying  proportions  of  air  to  gas  throughout  the  stroke.  In  addition 
to  this,  whenever  the  gas  is  under  pressure,  and  the  opening  fixed, 
the  idle  engine  period,  that  is,  the  period  of  no  suction,  it  allows  time 
for  the  pressure  gas  to  flow  past  the  orifice  and  collect  in  the  air 
chamber,  or  to  collect  and  build  up  pressure  at  the  orifice  if  it  be  of  the 
closing  kind,  which  would  tend  to  make  the  mixture  rich  in  gas  at 
the  beginning  of  the  next  stroke. 
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11  Intermittence  of  flow  is  another  element  which  enters  into 
the  variation  of  proportion  because  it  brings  into  play  the  inertia 
of  the  gas  and  the  inertia  of  the  air.  A  stream  of  air  or  gas  cannot 
be  started  or  stopped  instantly,  and  as  the  masses  to  be  moved  are 
not  the  same  the  inertia  will  not  be  the  same  for  the  two,  and  one 
will  tend  thereby  to  lead  in  its  flow  over  the  other  one,  that  which 
has  the  smaller  mass  leading.  At  the  end  of  suction  that  which  has 
the  greater  mass  will  continue  its  motion  for  the  longer  time. 

12  It  appears,  therefore,  to  be  an  extremely  difficult  proposition, 
viewed  entirely  independent  of  the  gas  engine,  to  secure  constant 
weight  proportion  between  two  gases  flowing  through  two  orifices 
into  a  partial  vacuum  through  openings  of  different  sizes  and  shape 
under  heads  compounded  of  the  vacuum  and  the  gas  pressure  with 
variable  rates  of  flow,  changes  of  barometer,  gas  pressure  and  the 
temperature-  of  both  gases  and  it  is  not  surprising  that  variations 


[FIG.  6     VARIATIONS  DIE  TO  CHANGES  IN  MIXTURE. 

occur,  but  rather  more  surprising  that  the  results  are  as  uniform  as 
they  are.  After  having  proportioned  the  air  and  the  gas,  the  mechan- 
ism dehvers  it  into  a  cylinder  through  a  valve  to  an  irregular  head  or 
clearance  space  where  it  mixes  more  or  less  uniformly  with  the  neu- 
tral gases  therein.  These  residual  gases  may  have  the  same  com- 
position on  successive  strokes  or  may  not,  depending  upon  a  variety 
of  circumstances,  some  uncontrollable,  such  as  diffusion,  others 
under  practical  control,  such  as  point  of  ignition  and  back  pressure. 
A  rather  aggravated  case  of  this  mixture  variation  effect  on  various 
engine  settings  is  given  in  Fig.  5,  the  fuel  being  gasolene  and  the 
engine  a  small  one. 

13  Another  case  not  so  aggravated,  but  much  more  common  is 
shown  in  Fig.  G.  This  is  from  a  medium  size  engine  running  on  city 
gas.     It  is  to  be  distinctly  understood  that  the  mixture  variations 
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which  occur  in  a  hit-and-miss  governed  engine,  before  and  after 
misses  when  the  combustion  chamber  contains  in  the  one  case  air 
after  a  miss  and  in  another  case  burnt  gases  after  an  explosion,  are 
excluded  from  this  discussion  and  only  the  variations  which  occur 
in  engines  operating  under  steady  and  uniform  conditions  included. 

EXPLOSIVE    WAVES 

14  The  French  scientist,  Berthelot,  gave  the  name  "explosive 
wave"  to  a  certain  phenomenon  observed  in  the  combustion  of 
explosive  mixtures,  which  phenomenon  was  later  more  fully  investi- 
gated by  Mallard  and  Le  Chatelier  in  "  Recherches  Experimentales  et 
Theoriques  sur  la  Combustion  des  Melanges  Gazeux  Explosifs,"  and 
in  recent  years  by  Dixon  and  Bradshaw,  Crussard  and  many  others, 
which  phenomenon  may  easily  occur  and  does  occur  in  gas  engine 
cylinders.  In  some  cases  it  is  possible  to  define  the  conditions  which 
will  produce  it  and  in  other  cases  it  is  not.  Examining  the  rate  of 
propagation  through  a  tube  it  is  found  that  at  times  the  propagation 
is  uniform,  at  times  mildly  undulatory,  indicated  by  waves  of  small 
amplitude,  and  at  times  violently  undulatory,  indicated  by  waves  of 
great  amplitude  accompanied  by  shock  and  sound.  This  violently 
undulator}^  propagation  has  an  extremely  high  rate  and  can  be 
produced  whenever  there  is  a  violent  agitation  of  the  mixture 
about  to  be  ignited. 

15  One  sort  of  agitation  producing  this  result  and  in  use  by 
early  experimenters  was  a  small  stream  of  the  mixture  impinging  into 
the  main  mass.  An  apparently  different  agitation  though  probably 
an  identical  one  studied  especially  by  later  experimenters  is  a  pressure 
wave  or  compression  wave.  It  can  be  shown  that  if  combustion 
be  started  in  a  tube,  closed  at  one  end,  waves  may  be  set  up  so  violent 
as  to  cause  extinction  before  the  passage  through  the  tube  is  com- 
pleted. In  this  case  the  agitation  is  a  result  of  a  compression 
wave  produced  by  the  combustion  itself.  In  engine  cylinders  this 
same  sort  of  wave  may  exist.  The  motion  of  the  piston  itself  dur- 
ing compression  produces  a  compression  wave  which  advances  before 
it  through  the  mixture  and  which  probably  reflects  and  superimposes 
or  neutrahzes,  as  accident  may  dictate,  so  that  the  entire  mass  is  in 
a  process  of  agitation  during  compression. 

1()  Inf^annnation  started  in  such  a  mixture  agitated  either  by 
streams  of  gas  as  the  result  of  pockets  in  the  combustion  chamber 
or  by  compression  waves,  will  sometimes  be  very  violent,  giving  a 
true  explosive  wave,  but  may  not  exist  at  all.    This  seems  to  indicate 
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that  the  violent  momentary  pressures  of  the  explosive  wave  crest 
result  only  when  advancing  waves  superimpose  one  on  another  and 
synchronize  with  their  reflections. 

17  A  simple  experiment  that  can  be  performed  by  anyone  will 
yield  explosive  waves  of  this  sort  on  any  gas  engine  if  between  the 
indicator  and  the  engine  cylinder  there  be  connected  a  pocket  with  a 
small  throat,  which  may  be  made  of  pipe  fittings.     An  engine  which 


FIG.  7     CARD  SHOWING  EXPLOSIVE  WAVE 


gives  a  perfectly  smooth  combustion  line  without  such  a  pocket  will 
give  with  the  pocket  explosive  waves  even  when  the  ignition  is  quite 
late.  In  nearly  every  engine  these  waves  will  be  produced  when 
the  ignition  takes  place  before  dead  center,  that  is,  during  the  time 
when  the  mass  is  agitated  by  compression  waves  from  the  piston. 
18  Fig.  7  shows  an  explosive  wave  from  a  kerosene  engine  hav- 
ing no  hot  bulb  and  a  very  good  form  of  combustion  chamber.     Fig. 


FIG.  8     CARD  SHOWING   EXPLOSIVE  WAVE 

8  shows  for  even  very  late  ignition  an  extremely  violent  wave,  so 
violent  that  it  is  shown  for  only  part  of  the  stroke,  the  pencil  having 
jumped  from  the  paper  for  the  rest  of  the  stroke.  Fig.  9  shows  a 
curious  modification  of  this  wave  with  a  sort  of  harmonic  at  the 
crest.  Fig.  10  is  a  record  of  a  violent  wave  in  a  large  oil  engine  of 
the  hot  bulb  class,  and  Fig.   11  shows  another  less  violent  wave 
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taken  from  the  same  engine  shortly  after.  These  explosive  waves 
are  not  to  be  confused  with  the  occasional  fluctuations  of  the  indi- 
cator pencil  due  to  the  natural  period  of  vibration  of  the  piston  and 
parallel  motion  of  the  indicator,  although,  according  to  my  experience, 
the  confusion  is  more  likely  to  be  the  other  way,  the  vibration  of  the 
indicator  parts  being  more  often  the  only  explanation  for  the  waves  that 
are  found.  Furthermore  it  must  be  remembered  that  the  true  explos- 
ive wave  will  always  be  followed  by  the  indicator  inertia  wave. 


FIG.  9     CARD  SHOWING  EXPLOSIVE  WAVE 

19  It  is  interesting  to  compare  these  waves  with  the  Mallard  and 
Le  Chatelier  photographic  records  of  some  explosive  waves  of  light. 
By  passing  a  photographic  plate  across  a  tube  in  which  the  mixture  is 
to  be  burned,  the  record  will  give  an  indication  of  the  rate  of  propaga- 
tion because  one  coordinate  will  represent  time  and  the  other  will  repre- 
sent distance  traveled  by  the  flame.  Fig.  12  and  Fig.  13,  reproduced 
from  their  report,  show  not  only  the  primary  uniform  propagation 


:  FIG.   10     LINES  OF  CARD  INDICATING  VIOLENT  WAVE 

indicated  by  the  straight  line,  but  also  the  violent  explosive  wave 
effects  indicated  b}^  the  wave  of  great  amplitude,  which  ceases 
abruptly  because  it  causes  extinction.  These  waves  are  light  waves 
and  very  similar  indeed  to  the  actual  pressure  waves  recorded  by 
our  indicators.  Occurring  in  engine  cylinders  they  are  elements  not 
onJy  of  danger,  but  of  interference  with  control  and  require  attention 
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for  their  elimination,  but  even  in  spite  of  great  care  often  refuse  to 
yield  to  any  sort  of  treatment  and  persist  in  spite  of  the  appUcation 
of  remedies. 


PREIGNITION 


20  Whenever  on  compression  a  mixture  ignites  itself  much  before 
dead  center  the  phenomenon  is  called  "  preignition."  Besides  the  many 
known  easily  avoidable  causes,  there  are  some  that  are  difficult  to 
understand.  Any  inward  projecting  part,  such  as  a  piece  of  asbes- 
tos gasket  or  rough  edge  of  the  casting,  a  bolt  head,  nut,  piston  com- 
pression plate,  carbonized  oil  or  possibly  an  ignitor,  may  get  so  over- 
heated as  to  cause  ignition.  The  compression  causes  a  temperature 
increase,  measured  by  the  degree  of  the  compression  so  that  all 
parts  of  the  gaseous  mixture,  except  those  directly  in  contact  with 
walls,  will  suffer  the  same  temperature  rise,  due  to  the  compression. 


FIG.  11     FROM  SAME  ENGINE  AS  FIG.   10 

If  there  is  near  any  particle  of  mixture  a  source  of  heat  other  than  the 
compression  the  temperature  at  that  place  will  rise  higher  and  may 
rise  so  much  higher  as  to  cause  an  ignition.  It  may  be  also  that 
lack  of  homogeneity  in  the  mixture  will  result  in  zones  where  the 
mixture  has  a  lower  temperature  of  ignition  than  at  other  places,  for 
example,  in  places  where  lubricating  oil  is  vaporizing  or  in  the  case 
of  gasolene  where  the  mixture  is  a  little  more  lich  in  gasolene.  This 
is  another  cause.  In  spite,  however,  of  these  and  other  traceable 
causes  there  seem  to  be  still  others,  and  these  are  mostly  associated 
with  the  percentage  of  hydrogen  in  the  gas. 

21  At  one  time  it  was  believed  that  the  temperature  of  ignition 
of  hydrogen  was  so  low  that  the  addition  of  hydrogen  to  a  gas  not 
previously  containing  it  would  lower  the  temperature  of  ignition  of 
the  mass,  and  designers,  including  the  writer,  went  so  far  as  to 
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announce  figures  for  the  reduction  of  compression  for  each  per  cent 
of  hydrogen  present  that  was  necessary  to  prevent  preignitions. 

22  Repeated  experiments  by  the  different  engine  builders  and 
by  engineers  not  associated  with  the  building  of  engines  point  con- 
clusively to  the  fact  that  preignition  may  occur  when  the  percentage 
of  hydrogen  is  low  and  may  not  occur  when  it  is  high  and  again  may 
occur  when  it  is  high  and  may  not  when  it  is  low  for  a  given  engine 
running  on  a  given  compression,  but  there  seems  to  be  substantial 
agreement  on  the  statement  that  if  the  hydrogen  were  absent  there 
would  be  no  preignition  at  this  compression. 

23  A  considerably  detailed  investigation  carried  on  partly  in 
the  laboratory  at  Columbia  and  partly  in  the  field  seemed  to  indicate 
that  it  was  not  the  percentage  of  hydrogen  in  the  gas  that  fixed  the 
tendency  to  preignite,  but  rather  some  ratio  of  the  hydrogen  to  the 
other  elements  present.  The  remecUes  applied  commonlj' for  preigni- 
tion troubles  are  two-fold;  first,  a  reduction  in  compres.sion;  second, 
an  introduction  of  neutral  elements,  such  as  water  to  be  vaporized 
into  steam,  steam  itself  or  cooled  and  purified  exhaust  gases.  This 
practice  introduces  greater  variations  in  the  mixtures  than  it  is 
desirable  to  have,  and  is  justified  only  in  emergency,  that  the  engine 
may  continue  to  run. 

24  An  examination  of  the  old  values  of  the  temperature  of  ignition 
for  explosive  mixtures  throws  no  light  whatever  on  the  solution  of 
this  phenomenon,  but  some  more  recent  determinations  do.  By 
dropping  a  weight  on  a  plunger,  closely  fitting  a  cyHnder  containing 
a  known  gas  mixture  and  measuring  the  plunger  travel  up  to  the 
point  where  it  is  stopped  by  the  explosion  the  temperature  of  igni- 
tion may  be  calculated  by  the  adiabatic  law  from  the  volume  ratio 
in  compression  when  the  ignition  takes  place  by  the  compression 
alone.  This  method  of  measurement  was  employed  by  Dr.  K.  G. 
Falk  in  the  mechanical  engineering  laboratories  of  Columbia  and 
gave  for  repeated  trials  of  the  same  mixture  at  different  times  the 
results  so  consistently  uniform  that  they  seem  to  be  very  valuable. 
These  were  reported  in  the  October  meeting  of  the  American  Chem- 
ical Society  and  are  here  summarized. 

HYDROGEX    AXD    OXYGEX 


Mixture  by 

Atmospheres   adiabatic 

Ignition  temperature 

volumes 

compression 

corrected  for  moisture 
dea;.  cent. 

4H2  +  O2 

47  maximum 

878 

2H,  +  0, 

813 

Hj  +  O2 

33  minimum 

787 

H2  +  20, 

803 

H,  +  40, 

844 
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25  This  indicates  that  <1ip  teniperalurc  of  iiiiiiliun  <)!'  H  ;in(l  () 
varies  with  pi'opDi-tions  and  is  lowest-  not  for  tlie  niixtnre  that  l>nrns 
to  steam,  l)ut  for  equal  parts  so  that  HoO.  is  the  first  product  formed. 
The  temperatures  are  those  resulting  from  adiabatic  compression 
to  33  atmospheres  minimum  and  47  atmospheres  maximum,  several 
times  higher  than  ever  attained  in  gas  engines  of  the  ordinary  type. 

CARBON  MONOXID  AND  OXYGEN 

Mixture  by  Atmospheres  adiabatic  Ignition  temperature 

volume  compression  corrected  for  moisture 

deg.  cent. 

6  CO  +  O2  76  maximum                                        994 

4  CO  +  O2  901 

2  CO  +  O2  43  minimum                                         874 

CO  +  O2  904 

26  The  lowest  temperature  is  obtained  with  the  mixture 
2  CO  +  0,  with  43  atmospheric  compressions  which  Ues  between  the 
maximum  and  minimum  for  H  and  0,  but  the  maximum  value  of  70 
atmospheres  for  6  CO  +  O,  is  much  higher  than  the  highest  for  H 
and  0.  It  is  interesting  to  note  also  that  equal  additions  of  CO  or 
0  act  the  same  in  raising  the  temperature  of  ignition. 

27  The  addition  of  neutral  nitrogen  to  the  H  and  0  mixtures 
always  raises  the  ignition  temperature  and  the  new  temperature 
Tjj  o,N,  fo^  the  mixture  containing  N  may  be  written  as  a  function 
of  the  old  temperature  Tjj  q  as  follows: 

Th.o.n  =  Th.o  +  30n 
in  which 

volume  of  inert  gas 
volume  of  H2  or  O2  (whichever  is  smaller) 

Thus,  the  addition  of  4  N,  to  the  H2  +  O2  mixture,  which  has  the 
lowest  temperature  of  ignition,  raises  the  ignition  temperature  from 
787  deg.  cent,  to  907  deg.  cent.,  a  value  higher  than  for  any  of  the 
H  and  0  mixtures. 

28  Similarly,  for  the  CO  and  0  mixtures  an  equation  was  found 
giving  the  temperatures  resulting   from  additions    of    N,  which    is 

Tco.  o.N  =  Tco,  o  +  80  m 

volume  of  inert  gas 


in  which  m  = 


volume  of  CO 


29     Combinations  of  H,  CO  and  0  which  approach  the  producer 
gases  were  found  to  have  ignition  temperatures  which  followed  the 


790  CONTROT.    OF   INTERNAL    COMBUSTION    IN    GAS    ENGINES 

law  of  rise  by  addition  of  neutral.  If  the  ignition  temperature  of 
the  H  and  0  part  be  calculated,  considering  the  CO  as  inert  and  that 
for  CO  and  O  part  calculated  considering  the  H  as  inert  then  the 
lower  value  is  found  to  agree  with  the  observations  by  test.  This 
indicates  that  the  ignition  temperature  of  complex  mixtures  is  fixed 
by  two  of  its  components  and  their  proportions  to  each  other,  all 
else  acting  to  raise  the  temperature  as  inert  or  neutral  gases. 

30  Trials  of  alcohol  gave  a  temperature  of  973  deg.  cent,  at  62 
atmospheres  and  fairly  constant  for  over  100  per  cent  variation  in 
quantity,  while  gasolene  gave  902  deg.  cent,  with  47  atmospheres, 
constant  for  more  than  300  per  cent  range  in  quantity. 

31  These  results  explain  the  apparent  inconsistency  between 
percentage  of  hydrogen  in  the  gas  and  the  conditions  of  preignition. 
It  appears  from  the  figures  given  for  the  temperature  of  ignition  that 
in  a  producer  gas  containing  hydrogen  and  CO  with  various  neutrals 
mixed  with  oxygen  the  temperature  of  ignition  does  not  depend  on 
either  the  hydrogen  necessarily  nor  the  CO  necessarily  in  the  mixture, 
but  on  the  relation  that  one  of  these  bears  to  the  oxygen  present  and 
which  one  can  be  determined  only  by  computing  the  temperatures 
of  ignition  for  the  value  and  taking  that  value  which  is  lower.  One 
very  significant  fact  in  addition  to  the  above  is  brought  out  by  these 
results,  and  that  is  that  the  ignition  temperatures  and  compressions 
formed  are  all  very  much  higher  than  those  used  in  engines.  No 
ordinary  engine  uses  compressions  anywhere  near  those  determined 
for  preignition. 

32  It  is  evident,  therefore,  that  as  preignitions  occur  they  are 
due  not  only  to  the  compression,  but  also  to  other  sources  of  heat. 
The  interior  parts  must  be  hot  enough  in  places  to  materially  aug- 
ment the  temperatures  produced  by  compression  alone.  As  the 
final  temperature,  due  to  compression,  bears  a  fixed  relation  to  the 
initial  temperature  for  any  given  compression  that  final  temperature 
may  be  made  higher  not  only  by  heat  additions  during  the  com- 
pression, but  by  a  higher  initial  temperature.  High  temperature 
burnt  gases  retained  in  the  cylinder  are,  therefore,  detrimental  and 
scavenging  would  be  an  assistance,  but  it  is  doubtful  if  initial  tempera- 
tures are  high  enough  in  actual  engines  to  account  for  the  preigni- 
tions which  occur,  judged  in  the  light  of  these  ignition  temperatures 
measured,  and  it  is,  therefore,  extremely  likely  that  all  heat  effects, 
not  necessarily  for  the  entire  cylinder,  but  for  some  part,  are  the 
real  causes  and  in  addition  the  occasional  presence  of  a  certain  sen- 
sitive proportion  between  oxygen  and  either  CO  or  hydrogen. 

33  The  solution  of  the  problem  of  controIUng  preignition  resolves 
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itself  into  three  parts;  a  Maintenance  of  proportion  of  the  elements 
of  the  mixture  to  those  having  the  higher  temperature  of  ignition, 
provided  this  mixture  will  still  contain  enough  oxygen  to  burn  all 
the  fuel  present;  6  Care  in  securing  as  low  an  initial  temperature  of 
the  mixture  as  possible  by  maintaining  inlet  passages  cool  and  purg- 
ing the  cylinder  as  completely  as  possible  of  burnt  gases.  This  also 
involves  the  maintenance  of  early  ignition  to  reduce  final  release 
temperatures,  c  Care  in  designing  the  machine  so  that  interior 
parts  shall  be  as  well  cooled  and  as  uniformly  cooled  as  possible.  A 
well  cooled  cylinder  with  one  spot,  such  as  a  nut,  poorly  cooled  may 
just  as  well  be  poorly  cooled  throughout. 

34  The  prevention  of  explosive  waves  entirely  in  engine  cylin- 
ders seems  to  be  impossible.  They  can  be  avoided  to  a  large  extent 
and  practically  eliminated  by  giving  attention  to  the  form  of  the 
combustion  chamber  and  to  the  method  of  igniting  so  as  to  avoid  the 
generation  of  successive  waves  that  might  superimpose,  but  precisely 
how  this  is  to  be  done  cannot  be  said  at  this  time,  and  more  research 
will  be  required  before  a  solution  is  possible.  It  may  appear  in  the 
light  of  complete  information  that  no  solution  will  ever  be  possible. 

35  The  maintenance  of  uniform  cyUnder  mixtures  involving,  as 
it  does,  first,  the  correct  and  positive  proportioning  of  air  to  gas,  and 
later,  the  uniform  mixing  of  this  primary  mixture  with  the  burnt 
cyhnder  gases  in  always  constant  quantities,  is  a  thing  which  is 
absolutely  impossible  with  the  present  type  of  engine.  Careful  de- 
sign can  do  much,  but  I  feel  it  cannot  overcome,  so  long  as  present 
types  are  adhered  to,  the  numerous  difficulties  here  presented. 

36  These  three  phases  of  the  general  subject  of  our  lack  of  con- 
trol of  internal  combustion  in  exploding  engines,  namely,  the  mainte- 
nance of  mixture  proportions,  the  elimination  of  explosive  waves  and 
preignitions  are  all  worthy  of  much  study  and  are  all  difficult  prob- 
lems in  themselves.  It  is  hoped  in  this  presentation  of  the  conditions 
to  be  met  that  designers  and  builders  of  these  engines,  as  well  as  the 
users,  may  be  led  to  continue  the  investigations  and  to  announce 
their  results. 


DISCUSSION 

Mr.  Lewis  H.  Nash  In  regard  to  the  existence  of  explosive  waves 
in  the  cylinder  of  a  gas  engine,  I  am  inclined  to  doubt  whether  they 
exist  at  all,  and,  in  order  to  make  myself  clear,  I  will  refer  to  a  little 
past  history. 
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2  111  the  early  days  I  was  much  troubled  with  explosive  waves. 
These  were  of  such  violence  as  to  break  the  indicator  instantl}-.  In 
order  to  try  and  avoid  these  high  vibratory  motions,  we  drilled  small 
holes  into  the  cyUnder  and  attached  the  indicator  through  the  usual 
thread  and  cock  furnished  with  the  instrument.  Notwithstanding 
our  use  of  very  stiff  springs,  the  vibrations  were  frequently  strong 
enough  to  break  the  indicator  mechanism.  In  order  to  overcome 
this,  I  made  a  little  dash  pot  attachment  for  the  indicator,  in  which 
oil  was  placed  in  a  cylinder  containing  a  piston  loosely  fitting  in  the 
same,  and  by  means  of  this  dash  pot  I  reduced  the  amphtude  of  these 
vibrations  until  we  no  longer  had  any  trouble  from  breaking  instru- 
ments. 

3  The  card  taken  with  violent  explosive  waves,  so  called,  and  one 
in  which  they  did  not  appear,  gave  practically  the  same  mean  effective 
pressure.  Therefore,  the  explosive  waves  did  not  seem  to  indicate 
any  increase  of  power,  but  only  the  effect  of  an  explosion. 

4  One  day  we  put  the  indicator  close  down  in  the  head,  drilled 
out  a  large  hole  in  the  cyhnder  and  used  an  indicator  without  the  dash 
pot.  Greatly  to  our  surprise  there  was  no  resulting  disaster  to  the 
instrument.  This  led  me  to  study  the  cause  of  the  explosive  wave 
action. 

5  I  believe,  therefore,  that  the  explosive  wave  action  is  simply  a 
local  phenomenon  of  the  passage  leading  to  the  indicator,  and  that 
it  has  no  existence  in  the  body  of  the  cyhnder  itself.  I  account  for 
the  action  referred  to  in  the  following  manner: 

6  Suppose  we  have  a  small  extended  tube  leading  from  the  cylin- 
der of  an  engine.  This  tube,  after  the  first  impulse,  will  contain  a 
mixture  of  burnt  gases.  When  the  charge  is  compressed  in  the 
cyUnder,  a  portion  of  this  compressed  explosive  mixture  is  driven 
back  into  the  tube.  When  the  main  charge  is  ignited  the  flame  does 
not  communicate  itself  instantly  to  this  long,  slender  passage;  there- 
fore, the  increased  pressure  in  the  cylinder  serves  to  compress  the 
gases  in  the  tube  to  a  pressure  equal  to  that  of  the  exploded  charge 
in  the  main  cyhnder.  In  doing  this,  the  small  portion  of  unexploded 
mixture  in  this  tube  is  ignited  by  compression,  and  in  this  manner 
every  particle  of  mixture  in  this  small  tube  explodes  at  once,  the 
effect  being  hke  that  produced  by  dynamite  or  other  high  explosive, 
only  in  a  lesser  degree.  This  secondary  explosion  in  the  connecting 
tube  is  the  one  of  which  the  indicator  takes  note. 

7  It  will,  therefore,  be  seen  that  these  effects  can  be  produced, 
either  in  a  chamber  connected  by  a  small  passage  to  the  engine  cyhn- 
der, or  in  a  long  pipe  in  which  the  time  of  transmission  of  the  flame 
would  be  longer  than  the  ignition  due  to  compression. 
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8  The  remedy  for  this  is  to  drill  the  indicator  hole  of  the  full  size 
of  the  tap  drill  directly  into  the  cyUnder,  and  to  place  the  indicator 
as  close  to  the  cylinder  chamber  as  is  possible.  Since  we  have  done 
this,  I  have  never  seen  a  card  showing  the  so-called  "Explosive  Waves" 
taken  from  our  engines. 

9  I  offer  this  as  an  explanation,  and  wish  to  say  in  closing  that 
while  it  may  be  possible  that  other  pockets  in  a  combustion  chamber 
could  cause  explosive  waves,  I  believe  that  they  would  be  of  small 
amplitude  in  the  body  of  the  combustion  chamber  itself,  and  that 
those  that  have  been  shown  by  the  indicator  have  their  origin  in  the 
connecting  passage  and  are  simply  a  local  phenomenon. 

Prof.  W.  H.  Kenerson  In  my  experience  these  same  explosions 
occur  under  all  sorts  of  conditions;  under  conditions  where  there  is 
no  possible  preignition.  Where  kerosene  is  not  used,  these  same 
explosions  will  occur,  both  with  and  without  diaphragms. 

Mr.  E.  J.  Kunze  In  Professor  Lucke's  admirable  paper  he  .'^hows 
clearly  that  there  are  three  disturbing  influences  ordinarily  tending 
to  act  in  such  a  manner  as  to  cause  variation  in  the  combustion  line 
and  hence  in  the  regulation  of  the  gas  engine,  namely: 

a  Mixture  variation, 
&  Explosive  waves, 
c  Preignition. 

Representing  these  by  their  initial  letters,  we  may  tabulate  the  points 
recorded  in  Professor  Lucke's  paper  and  check  off  these  points  as  we 
find  a  possible  solution  of  overcoming  the  difficulty  involved. 

M 

a  Pressure  and  temperature  not  constant, 

6  Suction  of  engine  variable, 

c  Collection  of  charge  in  air  chamber, 

d  Intermittence  of  flow, 

e  Vacuum  effect, 

/  Proportion  of  air  to  gas, 

g  Dilution  of  charge  by  neutral  gases. 

E 
a  Method  of  ignition, 
h  Small  impinging  streams, 
c  Pockets  in  duets  and  cylinder, 
d  Compression  waves. 
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P 

a  Proper  proportion  of  elements, 

h  Purging  cylinder, 

c  Gas  zones, 

d  Variation  of  mixture, 

e  Cooling  inner  cylinder  wall, 

/  Cooling  inlet  passages, 

g  Inward  projecting  parts. 

2  It  would  seem,  from  what  has  been  said,  that  not  only  should 
the  design  of  the  gas  engine  receive  more  rational  treatment  and  each 
part  designed  for  the  function  which  it  is  to  exercise  but  also  the  gas 
generating  apparatus  should  receive  a  like  careful  consideration, 

3  Dr.  Lucke's  findings  show  that  in  a  perfectly  homogeneous  gas 
it  is  possible  to  predict  its  ignition  temperature  if  the  proportions  of 
H  and  O  and  CO  and  0  are  known;  this  leads  us  to  the  point  that  we 
may  by  properly  proportioning  the  relations  of  H  and  0  and  CO  and  0, 
obtain  a  gas  which  shall  have  as  high  a  degree  of  ignition  as  is  expedi- 
ent, and  this  would  indicate  that  our  method  of  gas  manufacture  for 
power  purposes  must  be  modified  and  the  process  made  more  uni- 
form. We  should  therefore  have  the  amount  of  water  vapor  which 
passes  through  the  bed  of  fuel  regulated  according  to  the  amount  of 
gas  produced.  The  draft  should  likewise  be  regulated;  hence  a  two 
cycle  engine  with  an  exhauster  for  maintaining  draft  on  the  producer 
would  seem  the  most  rational  unit.  The  fuel  bed  should  be  of  uni- 
form thickness,  hence  we  should  have  an  automatic  feed  to  the  pro- 
ducer; the  fuel  bed  should  be  of  uniform  texture  in  order  to  prevent 
air  shoots  and  channels  especially  around  the  outer  edges,  hence  the 
fuel  bed  should  be  constantly  stirred.  For  bituminous  coal  as  fuel 
the  hydro-carbon  gases  should  be  permanently  fixed,  hence  the  pro- 
ducer should  be  of  the  down  draft  variety.  We  would  then  have  a 
constant  proportion  of  the  proper  elements,  P  a. 

4  If  the  gas  is  generated  in  a  blast  furnace,  the  gas  ducts  should  be 
large  and  the  gas  enter  the  gas-holder  in  several  directions.  Propel- 
lers or  other  agitators  should  be  used  to  keep  the  body  of  gas  in  the 
gas  holder  constantly  in  motion  to  prevent  the  localization  of  bodies 
of  gas  having  various  heat  values. 

5  If  now  a  two  cycle  engine  is  used  and  the  air  and  gas  pumps  which 
are  required  to  compress  the  charge  sufficiently  to  pass  it  into  the  cylin- 
der are  operated  independently  of  the  engine,  we  may  have  a  constant 
-pressure  of  air  and  gas  M  a,  entirely  independent  of  the  suction  of  the 
engine,  M  b.      This  system  can  be  very  effectively  adopted  in  multi- 
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unit  plants  by  concentrating  the  pump  work  to  serve  the  outlying 
engine  cylinders,  one  air  and  one  gas  pump  serving  several  engine 
cylinders. 

6  There  should  be  no  collection  of  charge,  M  c,  in  the  air  chamber. 
Air  alone  should  lie  directly  outside  of  the  inlet  valve,  since  any 
leakage  of  the  valve  may  cause  a  back  fire  with  disastrous  effect. 
No  charge  should  be  made  until  it  is  passing  into  the  cylinder;  it 
should  then  be  cut  off  by  the  action  of  the  governor  which  should  have 
as  little  mechanical  work  to  do  as  possible.  If  the  governor  is  of  the 
inertia  type,  we  are  thus  enabled  to  regulate  the  size  of  the  charge 
at  the  latest  point  possible  in  a  gas  engine  and  here  again  we  see  an 
advantage  of  the  two  cycle  over  the  four  cycle  in  that  the  time  between 
the  cut  off  of  the  charge  and  explosion  of  the  same  may  be  reduced 
much  more  in  the  former  than  is  possible  in  the  latter. 

7  If  the  ducts  are  so  designed  that  the  velocity  of  fluid  is  not 
changed  quickly  and  the  charge  is  admitted  into  the  cylinder  without 
serious  checking,  we  should  not  be  troubled  by  the  inertia  of  the  gas 
and  air,  and  inter mittence  of  flow  jNI  d,  would  be  reduced  to  a  mini- 
mum. Especially  after  leaving  the  mixing  chamber  should  the  charge 
be  passed  through  as  few  turns  as  possible.  Its  course  should  be, 
to  the  greatest  extent,  unobstructed. 

8  In  the  two  cycle  engine  we  are  not  troubled  by  the  effect  of 
vacuum  M  e,  on  the  flow  of  the  charge. 

9  The  gas  having  a  constant  heat  value  can  then  be  thoroughly 
mixed  with  the  proper  portion  of  air,  M  /,  before  passing  into  the  cylin- 
der and  this  charge  made  to  lie  between  two  strata  of  air,  one 
stratum  lying  at  the  piston  head,  the  other  at  the  cyhnder  head.  As 
the  load  decreases  the  charge  of  combustible  mixture  may  be  decreased 
proportionately  and  the  charges  of  air  proportionately  increased  so 
that  for  varying  loads  we  would  have  constant  compression  and  at 
least  for  the  most  of  the  combustible  charge,  constant  mixture,  only 
the  outer  portion  being  materially  mingled  with  the  air  strata. 

10  Ignition,  E  a,  should  be  done  from  several  points  in  order  to 
insure  certainty  of  ignition  and  hasten  the  flame  proportion.  It  is 
well  to  place  the  igniters  at  different  distances  from  the  end  of  the 
cylinder  so  that  the  charge  may  ignite  under  its  most  favorable  con- 
dition. 

11  The  most  logical  method  of  charge  admission  is  at  the  end 
of  the  cylinder  in  line  with  the  axis,  but  ordinarily  such  admission 
would  puncture  the  core,  i.e.,  the  inc^oming  charge  would  follow  the 
line  of  least  resistance,  which  is  the  center,  and  the  tendency  would  be 
to  cause  an  annular  body  of  exhaust  gases  to  lie  along  the  cylinder  walls . 
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12  If  we  consider  the  plane  of  the  orifice  to  be  made  up  of  a  num- 
ber of  annular  rings  and  assume  the  center  core  to  have  a  given  veloc- 
ity, then  the  velocity  of  the  points  in  the  annular  rings  will  be  reduced 
as  the  area  increases.     We  thus  find  points  on  our  curve. 

13  With  a  wave  front  as  shown  in  Fig.  2  much  of  the  comb  mixture 
would  be  discharged  through  the  exhaust  ports  before  the  cylinder 
had  been  thoroughly  purged  of  its  exhaust  gases.  The  effect  would  be 
not  only  to  displace  some  of  the  incoming  charge  and  by  the  addition 
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to  the  same  of  the  heat  of  these  gases  and  that  of  the  cylinder  wall 
which  had  not  been  properly  cooled,  to  expand  this  incoming  charge, 
but  also  to  increase  the  initial  temperature  and  hence  reduce  the 
amount  of  compression  pressure  which  would  otherwise  be  permitted. 
14  If  we  more  nearly  flatten  the  wave  front  by  using  the  inlet 
valve  as  a  baffle  plate,  all  these  (>])jof'ti()ns  will  be  overcome;  tlie  peak 
of  the  wave  is  eliminated,  P  h. 
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15  Tlic  sli.'ipc  (if  (Ik;  iiKMlificd  \va\'(>  shown  cnii  lie  verified  by  coii- 
structiriy;  a  model  of  ,s(ri[).s  of  wood  aljout  one-eighth  inch  liigh  and  of 
the  shape  of  the  contour  of  the  cyUndcr,  as  shown  with  the  inlet  valve 
in  opened  position,  placing  these  wood  strips  between  glass  or  other 
transparent  material  and  blowing  smoke  through  the  orifice.  Succes- 
sive puffing  will  show  that  the  several  bodies  of  smoke  do  not  whirl 
around  but  fill  the  area  completely  and  pass  through  the  cyl  nder 
without  intermingling;  another  feature  which  goes  to  support  the 
stratification  theory. 

16  By  this  means  the  cool  scavenger  air  first  admitted  cools  the 
inner  surface  of  the  cylinder  wall  most  effectively  and  evenly  and  this 
directly  before  the  charge  enters  the  C3dinder.  Thus  in  this  case  the 
heat  stored  up  in  the  cylinder  walls  during  the  expansion  of  gases  tends 
to  keep  the  walls  hot  during  the  next  expansion  of  charge,  but  the 
cooling  of  the  inner  portion  of  the  walls  permitted  the  admission  of  a 
maximum  volume  of  charge  and  compressing  same  to  a  maximum 
degree  of  compression  pressure  before  the  heat  in  the  walls  had  time 
to  effect  the  charge. 

17  If  the  charges  are  thus  smoothly  admitted  into  the  cylinder, 
we  will  not  be  troubled  with  impinging  streams,  E  b,  pockets,  E  c,  and 
gas  zones,  P  c. 

18  The  evil  effect  of  the  compression  wave,  E  d,  wdll  at  least  be 
reduced  to  a  minimum  if  the  mixture  is  uniform  and  the  streaming 
of  various  bodies  of  gas  having  different  heat  values  into  one  another, 
mixing  as  they  do  with  difficulty,  is  avoided. 

19  This  phenomenon  of  failing  to  unite  readily  into  a  homogene- 
ous mass,  at  least,  partially  supports  the  stratification  theory  when 
the  latter  is  properly  followed. 

20  Variation  of  mixture,  P  d,  due  to  admission  of  exhaust  gases, 
will  not  trouble  us  because  we  will  have  no  exhaust  gases  left  in  the 
cylinder  and  we  will  have  no  need  to  dilute,  M  g,  our  well  proportioned 
homogeneous  gas  mixture  with  cooled  exhaust  gases. 

21  Our  cylinder  wall  will  certainly  be  well  cooled,  P  e,  and  as  our 
cyUnder  head  may  be  of  the  most  simple  type  (the  frustum  of  a  cone), 
it  can  be  easily  and  uniformly  cooled  and  the  inlet  passages  may  there- 
fore be  well  cooled,  P  /. 

22  All  projecting  pieces,  P  g,  with  the  exception  of  the  igniters, 
may  be  avoided  and  even  these  may  be  at  least  partially  water  cooled. 

Mr.  E.  Rathbun^  As  an  explanation  of  the  phenomena  relating 
to  explosion  waves,  so  called,  I  suggest  an  auxiUary  explosion  in  the 

'With  George  J.  llalhbun,  Toledo,  Ohio. 
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indicator  piping,  after  the  oombuslion  in  the  engine  cyhnder.  Tliis 
is  due  to  a  combustible  mixture  remaining  there  and  bec^oniing 
ignited  at  a  very  high  temperature  and  compression.  8uch  an  ex- 
plosion would  be  in  the  nature  of  a  blow  upon  the  indicator  spring. 

2  On  the  card  Fig.  1  there  is  absolutely  no  indi(;atiou  of  wave 
effect  or  excessive  pressure  in  the  indicator  until  after  the  expan- 
sion stroke  has  begun.  The  stroke  has  j^-ogressed  20,  possibly 
30  degrees,  before  any  effect  is  obtained,  then  a  sudden  impulse 
strikes  the  indicator.  I  find  that  these  waves  indicate  vibration  in 
equal  times.  This  would  seem  to  show  that  the  effect  is  due  to 
vibration  of  the  indicator  spring  and  connecting  parts. 

3  There  may  also  be  such  a  condition  as  vibration  of  the  working 
fluid  itself,  but  up  to  the  present  time  I  have  seen  no  indication  of  it 
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FIG.   1     DIAGRAM  SHOWING  LATENESS  OF  WAVES 

in  the  discussion;  that  is,  all  the  indicators  have  been  attached  at 
some  distance  from  the  cylinder,  and  Professor  Lucke  showed  also  that 
in  tests  which  did  not  show  waves,  the  addition  of  a  chamber  to  the 
rig  itself  would  produce  that  effect.  We  have  also  in  regular  practice 
been  able  to  regulate  these  effects;  that  is,  obtain  a  wave  card  by  the 
regulation  of  a  globe  valve  in  the  indicator  pipe.  If  we  take  an  indi- 
cator card  with  this  valve  wide  open,  we  get  wave  effects,  but  as  the 
valve  is  closed  the  wave  will  gradually  disappear  until  there  will 
be  no  such  indication.  It  would  appear  that  the  scavenging  was 
insufficient  to  produce  that  effect. 


Dr.  S.  a.  Moss     Why  does  Professor  Lucke  conclude  that  the 
waves  shown  in  Fig.  7  to  1 1  inclusive,  are  not  the  indicator  vibrations 
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alluded  to?  I  have  seen  many  such  waves  on  indicator  cards  and 
have  always  been  inclined  to  assign  them  to  indicator  vibrations, 
since  I  know  of  no  positive  evidence  that  they  truly  represent  varia- 
tions of  pressure  in  the  cylinder.  I  call  particular  attention  to  the 
fact  that  the  waves  in  Fig.  7  have  greatest  length  near  the  center  and 
least  length  near  the  ends  of  the  stroke,  indicating  that  they  probably 
have  the  same  time  period.  This  seems  to  me  to  give  a  strong  pre- 
sumption that  they  are  indicator  vibrations  only. 

Mr.  R.  E.  Mathot  Without  wishing  to  detract  from  the  very 
valuable  report  presented  by  Professor  Lucke,  I  would  like  to  dis- 
cuss some  phenomena  shown  by  the  indicator  diagrams  reproduced 
in  his  paper.  Unless  a  special  study  of  such  cards  is  made,  it  is  dif- 
ficult to  determine  whether  the  irregularities  in  diagrams  are  due  to 
special  phenomena  occurring  in  the  gas  engine  cylinder,  or  are  simply 
the  result  of  faulty  operation  of  the  indicator  itself. 

2  For  instance,  in  Fig.  4,  I  do  not  agree  with  Professor  Lucke's 
statements  regarding  the  curves  in  the  upper  expansion  Hnes.  These 
undulations  are  not  due  to  waves  in  the  burning  mixture,  but  are 
caused  by  the  inertia  of  the  indicator  piston  and  usually  appear  when 
the  indicator  spring  is  too  heavy  for  the  running  speed. 

3  Fig.  11  shows  a  different  form  of  wave  in  the  beginning  of  the 
expansion  curve,  such  as  is  generally  obtained  when  preignition  or  very 
•sharp  and  severe  explosions  take  place,  either  in  the  cylinder  or  in  the 
indicator.  In  the  latter  case,  a  common  phenomenon,  very  rapid 
vibration  is  communicated  to  the  tracer,  and  to  the  moving  lever  of 
the  indicator. 

4  When  a  powerful  explosion  takes  place,  as  the  result  of  the 
combined  effect  of  preignition  and  too  rich  mixture,  the  top  of  the 
initial  pressure  Une,  instead  of  being  smooth,  is  really  a  dotted  line, 
showing  that  the  tracer  was  vibrating  on  the  paper. 

5  In  order  to  determine  and  locate  such  troubles,  I  use  a  special 
attachment,  consisting  of  a  short  tube  fitted  in  the  indicator  cyUnder, 
immediately  under  the  piston.  This  tube  prevents  the  piston  from 
moving  in  the  lower  part  of  the  cylinder,  and  as  a  consequence  the 
tracer  will  only  record  the  upper  part  of  the  diagram,  thus  showing 
the  top  of  the  explosion  line  and  the  beginning  of  the  expansion  line. 
The  stroke  of  the  moving  parts  of  the  indicator  being  reduced  to  a 
minimum,  they  will  no  longer  be  subjected  to  inertia,  and  cards  like 
Fig.  4  and  17  will  show  regular  lines  without  waves,  evidently  prov- 
ing that  this  wave  phenomenon  has  taken  place,  not  in  the  engine,  but 
in  the  indicator  itself. 
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(>  Lv\  US  MOW  consider  Fig.  7  and  S,  showing  from  eight  to  ten 
undulations  while  expansion  takes  place;  that  is,  during  one-half 
revolution  of  the  engine  at  a  minimum  speed  of  say  200  r.p.m.  If  the 
undulations  really  represent  wave  effects,  the  indicator  should  give 
true  and  accurate  records,  even  when  used  on  an  engine  running  at 
2  by  8  (or  10)  by  200  -  3200  to  4000  r.p.m.  while  it  is  well  known  by 
experienced  testers  that,  no  matter  what  indicator  makers  may  claim, 
no  instrument  of  standard  construction  will  give  reliable  information 
on  gas  engines  turning  higher  than  450  to  500  r.p.m. 

7  With  reference  to  faulty  indications  given  by  this  apparatus,  I 
might  also  mention  t  he  apparent  "scavenging' '  shown  by  an  exhaust  line 
traced  under. the  atmospheric  line,  when  a  weak  spring  or  a  stop  of  the 
piston  of  the  indicator  is  usedtorecord  the  backpressure  and  the  vacuum. 

8  From  the  examination  of  these  so-called  "vacuum  cards" 
many  makers  claim  that  their  engines  are  "scavenging,"  while  the 
diagram  shows  merely  an  inertia  effect  of  the  moving  parts  of  the 
indicator  that  have  caused  the  exhaust  line  to  show  a  vacuum. 

9  In  fact,  in  the  study  of  about  500  tests,  made  since  1900  on  all 
sorts  of  engines,  I  have  perhaps  found  20  or  25  cases  where  scaven- 
ging really  occurred  in  the  engine's  cyhnder. 

10  Experience  has  shown  how  to  determine  the  right  spring  to  use 
with  a  good  indicator  for  recording  both  true  vacuum  and  back- 
pressure. This  spring  should  have  about  a  25  lb.  scale,  just  strong 
enough  to  overcome  the  inertia  of  the  moving  parts,  and  light  enough 
to  record  distinctly  both  vacuum  and  back-pressure,  as  compared 
with  the  atmospheric  line. 

11  I  do  not  wish,  however,  to  deny  the  existence  of  explosive 
waves  of  the  nature  of  those  mentioned  and  demonstrated  by  Pro- 
fessor Lucke's  experiments.  I  would  add,  that  physical  properties 
such  as  lack  of  homogeneity  in  the  mixtures,  may  generate  explosive 
waves,  or  more  accurately,  waves  in  the  explosions.  These  factors 
are  of  a  mechanical  nature  such  as  vibrations  in  the  walls  of  the  com- 
bustion chamber  and  in  the  flat  bottom  of  the  piston  when  sharp  and 
sudden  explosions  take  place.  The  waves  are  usually  generated  from 
very  rich  mixtures,  which  have  a  tendency  to  preignite  or  to  fire  early, 
as  for  instance,  when  the  piston  is  at  dead  center  and  almost  momen- 
tarily at  rest.  If  these  metal  vibrations  happen  to  synchronize  with 
those  propagated  in  the  fluid,  waves  result  that  may  be  detected  in  the 
diagram. 

12  I  wish  Professor  Lucke  would  continue  his  interesting  experi- 
ments on  larger  engines,  since  they  woukl  surely  result  in  a  contribu- 
tion to  the  subject. 
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The  Author  From  the  discussions  that  have  been  presented 
regarding  some  of  the  indicator  card  waves  it  is  evident  that  I 
have  not  made  myself  clear  in  the  body  of  the  paper  on  the  differ- 
ences between  explosive  waves  and  indicator  inertia  waves.  The 
explosive  wave,  as  is  indicated  by  its  other  name  of  "detonating 
wave,"  is  generally  a  manifestation  of  violent  momentarily  localized 
pressure  which  would  start  oscillations  of  the  indicator  mechanism. 
These  indicator  oscillations  are  easily  distinguishable  by  their  periods 
and  damping  characteristics  and  the  fact  that  they  are  present  in 
most  of  the  cards  I  have  presented  does  not  prove  the  contention  of 
some  of  the  gentlemen  who  have  spoken  on  the  subject  that  the  explo- 
sive wave  is  absent.  It  rather  proves  that  the  explosive  wave  was  of 
a  detonating  sort,  which  may  or  may  not  have  persisted  as  long  as 
the  indicator  wave.  It  must  be  borne  in  mind  that  there  is  ample 
evidence  to  prove  that  the  indicator  wave  would  not  be  present  with 
a  properly  selected  spring  unless  the  detonating  or  explosive  wave 
had  first  appeared.  It  is  extremely  hkely  that  the  gas  wave  does  not 
persist  as  long  as  the  indicator  wave,  and  this  fact  is  probably  the 
reason  for  many  misinterpretations. 
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THE  EVOLI  ITON  OF  THE  INTERNAL  COM- 
BUSTION ENGINE 

The  Problem  of  the  Internal  Combustion  Engine  Stated 
IN  the  Light  of  Past  Experience 

By  prof.  S.  a.  reeve,  NEW  HAVEN,  CONN. 
'  Member  of  the  Society 

Regulation  and  Reliability  Versus  Efficiency 

general  considerations 

The  question  of  the  current  or  future  development  of  the  internal 
combustion  engine  does  not  turn  centrally  upon  how  to  improve  its 
fuel  efficiency.  It  turns,  instead,  upon  the  problem  of  its  proper 
regulation.  Since  both  of  these  statements  may  seem  surprising  to 
many  readers,  it  is  necessary  to  give  them  some  support  from  the 
past  history  of  the  art. 

2  The  general  history  of  the  heat-engine  has  not  been  guided,  to 
any  perceptible  degree,  by  considerations  of  thermodynamic  efficiency 
but  by  those  of  commercial  efficiency;  and  the  gas-engine,  although 
supreme  in  thermodynamic  efi&ciency,  has  been  quite  secondary  in 
its  commercial  efficiency,  as  measured  by  the  cost  of  fuel  per  horse 
power  hour.  Viewing  all  tj^pes  of  prime  mover  broadly,  it  has  never 
been  the  most  efficient  one  which  has  obtained  paramount  favor  in 
the  past.  Indeed,  it  has  usually  been  almost  the  opposite.  The 
hot  air  engine,  for  instance,  a  type  always  fascinating  to  inventors 
because  of  its  thermodynamic  refinements,  has  never  succeeded  on 
the  market,  in  spite  of  its  superior  fuel  records.  The  history  of  the 
regenerator,  viewing  the  engines  which  make  use  of  it  as  a  distinct 
type  of  prime  mover,  reveals  the  same  thing.  It  is  the  steam  engine, 
on  the  other  hand,  whose  prime  characteristics  are  mediocre  efficiency 
and  ability  to  pull  hard  whenever  requested,  wliich  has  always  been 

Presented  at  the  New  York  Meeting  (December  1907)  of  The  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  VoUmie  29  of  the  Trans- 
actions. 
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far  the  most  popular  source  of  power.     It  may  not  save  coal,  but  it 
saves  everything  else. 

3  Yet  even  among  the  several  types  of  steam  engine  it  has  never 
been  the  most  efficient  design  which  has  succeeded  most  markedly. 
The  winning  considerations,  in  the  steam  engine  field,  are  those  of 
capacity  for  power  in  terms  of  space  or  weight,  reliabiUty  and  con- 
trollabiUty  or  adaptability,  coupled  with  reasonable  efficiency.  Of 
course,  other  things  being  the  same,  a  more  efficient  has  always  been 
preferred  to  a  less  efficient  engine;  but  greater  efficiency  has  nearly 
always  been  accompanied  by  a  difference  in  those  other  things; 
reUabilityand  adaptabihty  have  not  been  so  great;  and  the  competition 
has  always  been  reduced,  in  the  long  run,  to  those  other  considera- 
tions. 

4  The  history  of  the  gas  engine  fairly  bristles  with  this  same  fact. 
It  is  to  be  remembered  that  it  is  only  in  the  more  recent  portion  of 
this  history  that  we  may  couple  with  the  gas  engine  the  idea  of  a 
power  gas  producer  or  a  supply  of  natural  or  blast  furnace  gas.  The 
gas  engine's  spurs  were  won  long  before  any  of  these  later  aids 
appeared  appreciably  upon  the  field.  During  all  of  that  preliminary 
period  the  fuel  cost  per  horse  power  from  a  gas  engine  or  oil  engine  was 
higher  than  from  any  other  prime  mover  known  in  the  arts! 

5  A  still  more  important  fact  in  the  history  of  the  gas  engine  than 
the  inefficacy  of  thermodynamic  refinements  is  its  opposite,  namely, 
that  the  situations  which  best  reveal  the  limitations  of  the  gas 
engine  are  not  those  demanding  a  higher  thermodynamic  efficiency 
than  it  can  give.  Neither  are  they  the  demands  for  a  cheaper 
grade  of  fuel  than  it  may  consume.  There  is  no  evidence  anywhere 
that  cheap  power  is  what  is  wanted,  any  more  than  there  is  that 
cheap  men  are  what  is  wanted.  Instead,  it  is  those  situations 
which  demand  either  better  reliability  or  better  controllability  than 
the  gas  engine  has  to  offer,  which  shut  it  out  from  consideration  in 
competition  with  the  steam  engine.  Of  the  hundreds  of  gas  works 
existing  in  the  United  States,  for  instance,  all  of  them  using  power 
and  all  of  them  able  to  make  additional  illuminating  gas,  or  to  divert 
"blue  gas"  as  rich  as  blast  furnace  gas,  for  a  gas  engine  drive  without 
appreciable  cost,  not  a  half  dozen  use  gas  engines.  They  will  not 
tolerate  them  on  the  premises.  At  Hundred,  W.  Va.,  is  a  pumping 
station  for  natural  gas  which  daily  handles  millions  of  cubic  feet  of 
gas  which  is  worth  almost  nothing,  at  that  locality,  to  its  owners, 
who  also  own  the  pumping  station.  Yet  all  the  power  used  in  the 
station  is  developed  from  steam  boilers  and  Corliss  engines.  Ask 
the  reason  why,  and  "Unreliability  of  gas-engines"  is  the  answer. 
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6  For  all  of  these  reasons  it  must  be  accepted  in  the  premises  that 
future  progress  of  the  gas  engine  which  most  of  us  believe  to  be  both 
possible  and  inevitable,  must  advance  along  lines  leading  to  a  greater 
degree  of  reUability,  controllability  and  adaptability,  into  a  better 
parallel  with  the  solid  preeminence  of  the  steam  engine  in  these 
features,  and  not  necessarily  or  primarily  along  lines  aimed  at  a 
greater  thermodynamic  or  pecuniary  fuel  efficiency.  Indeed,  it 
seems  to  be  already  true  to-day  that  almost  any  degree  of  efficiency 
is  open  to  the  designer  or  purchaser  of  a  gas  engine  who  is  willing  to 
accept  its  cost  in  other  considerations;  just  as  almost  any  speed  of 
railroad  or  transatlantic  travel  is  possible,  in  an  engineering  sense,  if 
its  cost  be  accepted. 

7  But  a  choice  in  degree  of  reliability  is  not  thus  open  as  is  choice 
in  efficiency.  If  reliability  be  desired,  the  gas  engine,  as  things  stand 
now,  must  be  abandoned  for  the  steam  engine.  For  these  reasons  it  is 
the  aim  of  this  paper  to  state  some  considerations  which  affect  the 
problem  of  gas  engine  regulation,  reliability  and  flexibility,  with  a 
view  to  guiding  the  imagination  along  those  grooves  which  it  is  felt 
must  demark  and  limit  the  direction  of  future  progress.  For  this 
purpose  fundamental  considerations  are  sufficient. 
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8  In  order  to  state  the  problem  clearly  it  is  necessary  to  refer  first 
to  that  method  of  regulation  which  has  now  come  to  have  an  interest 
merely  historic,  although  it  is  still  applied  frequently  to  small  engines. 
This  method  is  the  one  commonly  known  as  the  hit  or  miss  plan, 
wherein  the  governor  may  choose  only  between  admitting  gas  fully 
to  the  cylinder,  for  a  given  cycle,  and  shutting  it  off  entirely. 

9  Viewed  from  the  standpoint  of  modern  steam  engine  regulation, 
this  method  is  unspeakably  bad.  Its  common  title  "hit  or  miss," 
while  based  originally  upon  its  mechanical  method  of  action,  applies 
equally  well  to  the  result  attained.  The  regulation  accompHshed  is 
distinctly  "hit  or  miss"  in  quahty.  Chronographic  measurements 
of  the  speed  of  good  engines  of  this  type  show  variations  within  each 
cycle  as  great  as  six  per  cent  under  constant  load.  Yet  the  average 
speed  per  minute  varies  often  only  two  or  three  per  cent  between 
full  and  light  load. 

10  The  poor  result  of  this  plan  is  due  to  four  distinct  factors,  all 
but  one  of  them  lying  outside  of  the  question  of  governor  design. 

11  Of  these  the  first  in  importance  is  the  fact  that  for  any  given 
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cycle  the  governor  is  given  no  chance  to  grade  the  power.     It  may 
choose  only  between  turning  on  maximum  power  and  zero  power. 

12  Secondly,  the  poor  regulation  is  due  to  the  fact  that  in  each 
cycle  the  power  needed  for  compressing  the  next  charge  is  drawn  from 
the  fly  wheel  just  at  the  end  of  the  idle  period  of  the  cycle,  when  the 
external  load,  already  maintained  for  three-quarters  of  a  cycle 
without  impulse  from  the  piston,  has  forced  the  speed  to  drop  below 
normal. 

13  Thirdly,  the  poor  regulation  is  due  to  the  fact  that  the  time  at 
which  the  governor  must  declare  to  the  gas  admission  valve  whether 
the  next  cycle  is  to  contain  an  explosion  or  not,  is  previous  to  the  time 
of  development  of  that  explosion  by  more  than  an  entire  revolution  of 
the  fly-wheel. 

14  It  is  merely  as  an  aggravation  of  these  three  fundamental 
faults  that  the  fourth  enters.  The  small  governors  usually  supplied 
with  these  "hit  or  miss"  engines  contain  a  vital  defect  in  that,  while 
the  valve-gear  permits  no  gradation  of  power,  the  governor  insists 
upon  grading  its  own  action.  That  is  to  say,  the  ordinary  non-syn- 
chronous fly-ball  or  pendulum  governor  assumes  a  different  position 
for  each  speed  of  engine  between  a  lower  limit,  for  maximum  power 
and  minimum  speed,  and  a  higher  one  for  zero  power  and  maximum 
speed.  But  in  the  "  hit  or  miss"  type  of  gas  engine  violent  fluctuation 
of  power,  from  one  extreme  to  the  other,  is  the  only  thing  possible. 
The  best  will  be  gotten  out  of  a  bad  situation  when  the  leap  from  one 
extreme  to  the  other,  from  an  explosion  to  a  miss,  is  taken  with  as 
great  decision  as  possible. 

15  But  this  the  ordinary  gas  engine  governor  quite  fails  to  do. 
In  its  carefully,  graded  action  there  is  only  one  point,  that  where  one 
knife  edge  is  about  to  ride  or  miss  the  other,  where  it  can  accomplish 
any  governing.  But  at  this  point  it  never  acts  with  decision.  It 
vacillates,  and  often  is  entrapped,  by  the  arrival  of  the  decisive  instant 
just  as  it  swings  a  little  to  one  side,  into  doing  what  the  next  instant 
reveals  to  have  been  the  \\Tong  thing.  Explosions  and  misses  are  not 
alternated  in  regularity,  but  are  unnaturally  bunched. 

16  Such  action  would  be  entirely  corrected  by  the  use  of  a  syn- 
chronous governor  in  place  of  the  non-synchronous  one.  The  former 
is  useless  for  steam  engine  work,  where  gradation  of  power  is  the 
one  thing  desired.  But  for  gas  engine  work,  where  gradation  of 
power  is  the  one  thing  impossible,  it  is  ideal.  It  would  throw  the 
gas  admission  cam  into  and  out  of  gear  with  decision,  which  is  all 
that  can  be  done. 
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MODERN   PLANS    OF    GOVERNING 


17  The  next  step  forward  in  methods  of  governing  gas  engines 
may  be  passed  over  briefiy.  It  consisted  in  allowing  an  impulse  to 
be  developed  at  each  cycle,  but  set  the  governor  to  grading  the  amount 
of  gas  admitted  with  each  charge.  This  plan  was  better  than  the 
"hit  or  miss,"  in  its  regulation,  but  gave  very  weak  mixtures  under 
all  loads  appreciably  below  the  maximum;  and  as  a  weak  mixture 
delays  the  period  of  inflammation  the  heat  was  apt  to  be  developed, 
under  lighter  loads,  too  late  in  the  stroke  to  permit  the  work  being 
gotten  out  of  it.     The  plan  has  now  virtually  been  discarded. 

18  To-day  the  governing  of  the  majority  of  larger  engines  is  per- 
formed in  one  of  two  ways.  Either  the  charge  is  throttled  during 
its  entrance  to  the  cylinder,  the  proportion  of  gas  to  air  remaining 
normal,  or  else  the  suction  valve  closes  at  a  point  in  the  suction  stroke 
determined  by  the  governor,  whereupon  the  charge  must  expand  below 
atmospheric  pressure  as  the  suction  stroke  is  completed.  In  either 
case  the  result  is  much  the  same.  The  modification  of  the  impulse 
depends  upon  the  existence  within  the  cylinder,  at  the  beginning  of 
the  compression  stroke,  of  a  charge  of  normal  mixture  of  gas  and  air 
at  a  pressure  more  or  less  below  atmospheric  pressure. 

19  This  initial  pressure  before  compression,  of  course,  varies  with 
the  load,  from  atmospheric  or  near  there  at  maximum  load  down  to  a 
fair  degree  of  vacuum  at  light  loads.  It  accomplishes  an  excellent 
gradation  of  the  energy  of  each  impulse  to  suit  the  load.  The  stand- 
ard form  of  indicator-card  which  it  produces  is  shown  in  Fig.  1, 
wherein  A  A  is  the  normal  or  average  load  card,  BB  the  maximum- 
load  card  and  CC  the  card  of  some  fractional  load. 

20  The  objections  to  this  plan,  however,  are  twofold.  In  the 
first  place,  it  still  imposes  upon  the  governing  mechanism  a  delay  of 
a  complete  revolution  between  the  time  when  the  governor  may  last 
decide  what  is  to  be  the  energy  of  the  next  impulse  and  the  actual 
development  of  that  impulse.  This  is  far  better  than  in  the  "hit  or 
miss"  system,  but  it  is  still  far  behind  steam  engine  practice,  to  which, 
as  a  standard,  gas  engine  practice  will  always  find  itself  compared 
until  it  excels  it.  For  in  steam  engines  the  working  stroke  is  already 
under  way  when  the  governor  finally  decides  what  is  to  be  the  vigor 
of  that  stroke. 

21  It  is  also  to  be  noted  that  the  multipUcation  of  cylinders  is 
no  remedy  for  this  defect.  Each  impulse  is  still  apportioned  by  a 
governor  action  which  took  place  one  revolution  previously, 

22  Secondly,   any  variation   of  the   load   from   the   maximum 
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inevitably  drops  the  degree  of  compression  from  the  maximum.  Now 
the  efficiency  of  the  cycle  is  directly  associated  with  the  degree  of 
compression.  In  the  pure  Otto  cycle,  unmodified  by  throttling  or 
cut-off  during  suction  or  by  any  provision' for  the  expansion  of  the 
gases  beyond  their  original  volume  at  suction,  the  theoretic  efficiency 
F  varies  with  the  compression-ratio  R  according  to  the  formula 

F  =  1  -  R-o-287 

Fig.  2  shows  this  relationship  graphically.  It  is  based  upon  an 
atmospheric  pressure  of  14.5  pounds,  as  are  all  other  diagrams  in  this 


FIG.  1     GOVERNING  BY  VARIABLE  CUT-OFF  OF  SUCTION 

article.  If  it  be  remembered  that  the  cost  of  the  engine  is  roughly 
proportional  to  the  maximum  pressure  in  the  cylinder,  and  this  again 
to  the  degree  of  compression,  it  is  plain  from  Fig.  2  with  what  steadily 
increasing  cost  is  obtained  each  decreasing  increment  of  efficiency, 
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which  may  be  sought  in  the  standard  Otto  cycle  by  increasing  the 
average  or  normal  compression. 

23  On  the  other  hand,  Fig.  2  also  shows  how  the  decrease  in  com- 
pression due  to  governing  by  the  method  shown  in  Fig.  1  may  be  only 
moderately  detrimental  to  the  efficiency,  provided  the  lowest  degree 
of  compression  amounts  to  some  60  pounds  gage  pressure.  In  the 
blast  furnace  gas  engines  this  requirement  may  be  met;  but  with 
other  and  more  inflammable  fuels  the  maximum  degree  of  compres- 
sion must  be  kept  so  low,  in  order  to  avoid  pre-ignition,  that  only  a 
moderate  degree  of  governing  reduces  it  below  the  permissible  figure. 

24  This  second  objection,  however,  is  partially  balanced  by  a 
minor  gain  incidental  to  the  lighter  loads,  namely,  the  increasing 
degree  to  which  the  expansion  of  the  hot  gases  beyond  their  original 
atmospheric  volume  becomes  possible  as  the  load  falls  off.     That  is 
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FIG.  2     RELATION    OF    EFFICIENCY    TO    COMPRESSION.    NEGLECTING    OVER- 
EXPANSION 


to  say,  all  work  areas  to  the  right  of  points  A  or  C,  in  Fig.  1,  represent 
the  incidental  gain,  at  shortened  cut  off,  of  work  which  is  quite  extra 
to  the  normal  or  pure  Otto  cycle  to  which  Fig.  2  applies.  This  extra 
work  from  completed  expansion  becomes  greater  in  proportion  as 
the  cut  off  becomes  shorter,  until  the  point  is  reached  where  the 
expansion  line  drops  below  atmospheric  at  the  end  of  the  stroke,  after 
which  it  begins  to  decrease. 

25  Fig.  3  shows  the  degree  to  which  this  fact  is  effective  in  keeping 
up  the  efficiency  at  fractional  loads,  in  spite  of  the  decreased  com- 
pression due  to  the  cut  off  on  the  suction  stroke.  In  Curve  T ,  Fig.  3, 
the  maximum  compression  pressure  is  assumed  to  be  100  pounds  by 
gage,  and  the  explosion  pressures  are  assumed  to  be  three  times  the 
compression  pressures.  The  exponent  of  compression  and  that  of 
expansion  down  to  the  original  volume  is  taken  as  1.3;  beyond  that 
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point  in  the  expansion  it  is  taken  as  1.1.  It  is  further  assumed  that 
there  is  no  scavenging  and  no  delay  in  combustion.  The  mechanical 
friction  is  taken  at  13  per  cent  at  full  load. 

26  While  these  assumptions  are  too  dogmatic  to  apply  accurately 
to  actual  practice,  yet  they  are  the  only  ones  practicable  and  they 
serve  well  enough  to  illustrate  the  point  in  mind.  The  result  is  seen 
to  be  a  curve  which  holds  up  its  efficiency  quite  well  as  cutoffs  shorten 
from  full  stroke  to  half  stroke.  Below  that  the  efficiency  drops  off 
more  rapidly. 

27  Curve  A  gives  a  sample  of  actual  modern  engine  practice  of  an 
excellent  quality.  On  the  shorter  cut  offs  it  shows  the  value  of  the 
delayed  combustion  which  always  accompanies  short  cut  offs,  from 
the  greater  proportion  of  burnt  gases  to  fresh  charge.     This  delayed 
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FIG.  3     RELATION  OF  EFFICIENCY  TO  CUT-OFF,  INCLUDING  OVER-EXPANSION 
AND  RATE  OF  COMBUSTION 

combustion,  which  is  an  unquestioned  source  of  loss  at  full  loads, 
thus  plays  a  beneficial  part  at  the  shorter  cut  offs  which  constitutes 
an  interesting  parallel  with  the  effect  of  wire  drawing  upon  steam 
engine  efficiencies;  for  the  wire  drawing  of  steam,  wliich  is  unquestion- 
ably harmful  at  the  longer  cut  offs,  becomes  positively  beneficial  at 
cut  offs  shorter  than  about  one-eighth  stroke. 

28  If  the  engine  of  curve  A  had  the  best  general  efficiency 
which  has  been  reported,  instead  of  being  only  a  good  average  the 
upper  portion  of  curve  A  would  have  coincided  closely  with  curve  T . 

29  But  the  chief  lesson  to  be  drawn  from  Fig.  3  yet  remains  to  be 
stated.  It  is  that  the  best  practice  yet  attained  with  the  modern 
gas  engine  leaves  its  efficiency  curve  still  in  a  form  sloping  from  a 
maxiyyium  efficiency  at  maximum  loads  to  a  lesser  efficiency  at  all 
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lighter  loads.  In  this  peculiar,  though  fundamental,  characteristic 
the  gas  engine  stands  alone,  the  writer  believes,  amidst  the  entire 
array  of  devices  utilized  by  the  power  engineer.  Steam  engines, 
boilers,  dynamos,  gas  producers,  pumps,  and  even  men,  all  have 
their  point  of  maximum  efficiency  at  a  load  considerably  below  their 
maximum  possible  out  put.  This  point  of  maximum  efficiency,  or 
slightly  above  it,  is  understood  to  be  the  capacity  at  which  they 
should  be  rated.  Above  that  rating  they  will  carry  an  overload 
ranging  from  25  to  75  per  cent  in  engines,  from  20  to  200  per  cent  in 
boilers  and  from  50  to  100  per  cent  in  dynamos.  When  subjected  to 
this  overload  they  are  not  expected  to  hold  up  the  best  of  efficiency; 
but  they  are  expected  to  sustain  the  work  with  operative  satisfaction. 
At  capacities  below  the  rated  load  the  efficiency  is  supposed  to 
remain  constant  down  to,  say  one-half  or  two-thirds  of  the  rated 
capacity,  below  which  point  it  may  fall  off  rapidly  without  exciting 
censure. 

30  But  in  the  gas  engine  all  is  quite  different;  and  this  difference 
has  had  more  to  do  with  its  history  than  has  an}""  other  of  its  features, 
after  the  primal  one  of  the  nature  of  its  fuel.  During  the  greater 
part  of  that  history,  gas  engines  have  been  habitually  rated  right  up 
to  their  maximum  capacity.  Yet  every  engine  buyer  knows  that  his 
engine's  load  will  be  at  its  maximum  for  only  a  small  fraction  of  the 
time  of  operation.  During  the  bulk  of  the  engine's  activity  it  must 
handle  resistances  amounting  to  some  appreciable,  although  varying, 
fraction  of  the  maximum. 

31  This  must  lead  to  two  things.  In  the  first  place,  the  average 
efficiency  of  the  engine  when  engaged  in  actual  work  will  be  far  below 
that  shown  on  the  maker's  test  plate,  where  the  engine  is  carefully 
tested  at  its  maximum,  or  rated,  power.  Secondly,  the  buyer,  after 
having  met  with  a  sufficient  number  of  disasters  to  teach  him,  learns 
to  discount  the  maker's  rating  in  a  way  which  he  never  needs  to  do 
with  other  apparatus. 

32  The  first  of  these  objections  can  be  eliminated  by  mere  honesty 
on  the  part  of  the  maker;  but  the  process  has  been  a  very  slow  one. 
The  second  objection  cannot  be  so  easily  overcome.  A  man  may 
build  a  gas  engine  capable  of  125  horse  power  and  be  honest  enough  to 
sell  it  as  a  100  horse  power  engine,  which  it  really  is.  But  he  cannot 
affect  the  fact  that  the  user  must  run  his  engine,  under  its  usual 
load  of  from  80  to  100  horse  power,  at  an  efficiency  far  below  what  is 
actually  obtainable  under  more  favorable,  but  yet  actual,  conditions, 
namely,  maximum  load.  This  is  the  Gordian  knot  of  gas  engine 
regulation  which  no  one  has  yet  had  the  skill  to  untie,  and  which 
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the  bu3-er  usually  cuts  by  "cutting"  the  gas  engine  and   bu3dng  a 
steam  engine. 

CONCLUSIONS  TO  BE  DRAWN  AS  TO  THE  TRUE  OUTLINE  OF  THE 

PROBLEM 

33  To  summarize  this  resume  of  the  histor}^  of  the  gas  engine 
then,  the  following  appear  to  be  the  saUent  features  of  the  premises 
from  which  its  future  progress  must  be  predicted. 

34  The  advantages  which  have  hitherto  been  cogent  in  its  favor 
and  the  extension  of  which  are  therefore  to  be  sought,  are: 

a  Not  solely  in  increased  fuel  efficiency — for  with  all  fuels 
except  blast  furnace  and  producer  gas,  a  gas  engine  costs 
more  for  fuel  than  does  steam,  and  with  either  blast- 
furnace or  producer  gas  its  fuel  is  so  cheap  that  no  ordi- 
nary variation  in  its  efficiency  will  appreciably  affect  its 
use; 

b  But  chiefly  in  the  nature  of  its  fuel — because  of  the  trans- 
portability, cleanliness,  safety  and  low  incidental  labor- 
cost  of  gaseous  or  liquid  fuel  rather  than  the  cheapness  of 
the  fuel  itself.  And  of  these  the  chief  is  its  transporta- 
bility, eliminating  the  need  for  a  boiler  plant.  Every 
gas  or  oil  engine  not  coupled  directly  to  its  own  producer 
is  an  example  of  power  transmission  upon  the  most 
efficient  plan  known  to  man. 

c  Quickness  of  getting  into  action. 

35  The  disadvantages  which  must  be  eliminated  are: 

a  Unreliability, — for  a  gas  engine  may,  and  commonly  does, 
"lie  down  on  its  job"  at  any  moment. 

b  Lack  of  margin  of  power, — for,  when  overloaded,  instead  of 
pulling  slowly  and  inefficiently  but  more  and  more  insist- 
ently, as  the  steam  engine  does,  it    "lies  down"    again. 

c  Wrong  characteristic, — its  average  efficiency  under  medium 
load  is  far  below  its  maximum  efficiency. 

d  Poor  regulation, — the  governor's  action  determining  any 
given  impulse  must  always  antedate  the  exertion  of  that 
impulse  by  one  revolution  of  the  fly-wheel. 

e  Irreversibility.  Although  several  forms  of  reversing  gas 
engines  have  appeared  upon  the  market  from  time  to 
time,  the  consensus  of  opinion  is  that  the  accomplishment 
is  an  unnatural  one  for  the  explosive  cycle  and  that  it  has 
cost  more,  in  complexity  of  mechanism  and  uncertainty 
of  action,  than  it  was  worth. 
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36  It  is  because  these  features  stand  out  boldly  from  the  history 
of  the  gas  engine,  and  have  done  so  for  years,  that  the  writer  has  held 
to  the  following  platform  as  defining  the  field  of  the  future  develop- 
ment of  the  world's  heat  engines,  viz: 

a  Reliance  upon  liquid  and  gaseous  fuels,  rather  than  upon 
the  direct  use  of  solid  fuel  will  steadily  and  rapidly 
increase. 

b  Questions  of  thermodynamic  efficiency  will  hold  a  quite 
secondary  place.  Progress  in  efficiency  will  be  made, 
but  it  will  be  incidental  to,  rather  than  commanding  and 
guiding,  the  progress  made  in  otlier  lines. 

c  Questions  of  mechanical  and  commercial  efficiency  will  be 
uppermost,  and  will  be  most  active  along  the  following 
lines: 

1  Reliability; 

2  Wide  margin  of  power  over  the  most  efficient  capacity; 

3  Regulation  of  each  working  impulse  by  a  governor  action 

occurring  during  the  performance  of  that  impulse; 

4  Reversibility; 

5  General  flexibility  for  the  development,  transmission  and 

subdivision  of  power,  at  variable  speeds  and  for  divers 
purposes. 

37  In  all  the  above  directions  the  steam  engine  sets,  by  example, 
a  standard  which,  while  plainly  not  perfection,  is  yet  far  ahead  of 
existing  gas  engine  practice.  Its  value  has  been  proved  by  genera- 
tions of  experience.  The  gas  engine  of  the  future  will  not  be  exactly 
like  the  steam  engine  of  today,  but  it  will  be  more  like  that  machine 
than  it  is  like  the  gas  engine  of  today. 

THE  SOLUTION  OF  THE  PROBLEM 

Modification  of  the  Simple  Otto  Type  Engine 

the  variation  of  the  clearance-space 

38  In  the  above  list  of  desiderata,  item  2,  if  not  the  one  of  the 
most  pressing  importance,  seems  to  be  attainable  with  tlie  least 
modification  of  the  existing  engine  and  its  cycle.  Let  us  imagine  an 
engine  in  which  the  governing  is  done  by  cut  off  on  the  suction  stroke, 
and  in  Avhich  the  clearance  space  is  variable  in  proportion  with  the 
volume  of  atmospheric  charge  taken  in.  The  results  to  be  expected 
from  such  an  engine  are  shown  by  the  indicator  cards  of  Fig.  4  and 
the  characteristic  efficiency  curves  of  Fig.  5.     In  Fig.  4  the  normal 
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load  card  and  its  corresponding  clearance  space  are  shown  by  the 
full  lines,  marked  A^.  The  overload  or  maximum  card  and  its 
clearance  are  shown  by  the  broken  and  dotted  lines,  marked  0.  The 
half  load  card  and  clearance  are  shown  by  the  broken  lines,  marked 
H. 

\,  39  In  Fig.  5  the  curve  A^  shows  the  brake-efhciency  of  an  exist- 
ing engine  of  the  better  class.  It  is  the  same  curve  as  A  of  Fig  3,  but 
laid  off  tea  new  horizontal  scale,  viz:  in  terms  of  cut-off  on  the  suction- 


FIG.  4     GOVERNING   BY   VARIABLE   CUT-OFF,   WITH   CLEARANCE   VARIED   TO 

CORRESPOND 

troke.  Curve  A^^  is  the  same  curve  laid  off  to  the  horizontal  scale 
of  rated  powers  of  Fig.  5.  Curve  V  shows  the  actual  brake-efficiency 
to  be  expected  from  our  hypothetical  variable-clearance  engine,  upon 
the  supposition  that  at  the  same  point  of  cut-off  (m)  which  denotes 
the  maximum  cut-off  for  the  existing  engine  it  possesses  the  same 
efficiency;  which  assumption  seems  reasonable.  Curve  V  refers  to 
both  horizontal  scales  simultaneously;  in  fact,  it  determines  the  new 
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power-scale  of  Fig.  5  which  effects  the  distortion  of  curve  A  of  Fig.  3 
into  Curve  A^  of  Fig.  5. 

40  To  explain,  the  existing  engine  which  has  been  taken  as  a 
standard  of  comparison  has  its  latest  cut  off  at  about  72  per  cent  of 
the  suction  stroke,  and  at  that  cut  off  develops  its  best  brake  efficiency 
of  26  per  cent.  At  that  cut  off  it  exerts  a  power  which  is  17  per  cent 
above  the  arbitrary  rating  which  was  assigned  to  it  by  its  builders. 
These  points  are  to  be  seen  on  the  diagram  by  following  up  from 
point  72  on  the  scale  of  cut  offs  till  the  extremity  of  curve  Ap  is 
reached.  Following  horizontally  to  the  right,  this  same  efficiency 
is  found  to  prevail  in  curve  A^,  at  point  117  of  the  load-scale. 

41  This  point  m  represents  the  best  that  the  existing  engine  can 
do.     It  may  not  take  on  a  later  cut-off  than  72  per  cent,  in  order  to 


^o  so  60  70  So 
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f^£f?  cs/i/r  or   •Srffo^E   ^r  Car-  or/'. 
FIG.  5    EFFICIENCY-CURVES  FOR  ENGINES  OF  FIG.  4 


expand  its  range  of  maximum  power,  or  there  will  arise  danger  of 
pre-ignition  from  overcompression.  It  may  not  increase  its  rather 
small  clearance  in  order  to  avoid  this  trouble,  or  it  will  reduce  its 
compression  and  efficiency  at  all  loads  below  point  117.  It  may  not 
arbitrarily  increase  its  power  rating,  in  order  to  improve  its  efficiency 
at  any  stated  fractional  load,  without  losing  its  margin  of  power  above 
its  rating,  which  at  17  per  cent  is  already  too  small.  It  may  not 
arbitrarily  decrease  its  rating,  in  order  to  enlarge  its  margin  of  power, 
without  leading  to  its  habitual  use  at  loads  so  small  as  to  ruin  its 
average  efficiency,  while  at  the  same  time  making  it  a  very  expensive 
engine  in  first  cost  per  horse  power. 

42     In  order  to  make  the  comparison  between  the  existing  and  the 
hypothetical  variable  clearance  engine  as  fair  as  possible,  therefore, 
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it  is  assumed  that  the  new  engine,  when  cutting  off  at  72  per  cent  of 
stroke,  has  the  same  clearance,  the  same  compression,  the  same 
efficiency  and  the  same  power  as  the  existing  engine;  but  that  power, 
instead  of  being  called  17  per  cent  above  rated  power,  as  in  the  exist- 
ing engine,  is  called  virtually  rated  power,  or  100  per  cent  on  the 
power  scale  (the  diagram  shows  it  as  101  per  cent).  This  seems  to 
be  as  fair  an  assumption  for  an  unbuilt  engine  as  one  may  make. 

43  In  the  variable  clearance  engine  there  is  no  objection  to  using 
a  later  cut  off,  if  the  load  calls  for  it;  for  overcompression  will  be 
avoided  by  the  automatic  increase  of  the  clearance  with  the  cut  off 
as  is  shown  by  the  change  from  diagram  N  to  diagram  0  in  Fig.  4. 
By  the  time  that  cut  off  has  been  extended  to  full  stroke  (100  per 
cent  on  the  cut  off  scale)  the  efficiency  will  have  fallen  from  26  to  24 
per  cent  and  the  power  will  have  increased  to  25  per  cent  above  nor- 
mal rating — a  margin  of  power  which,  I  believe,  no  gas  engine  has 
yet  offered  to  the  market,  at  least  without  some  of  the  arbitrary 
penalties  described  above  and  which  do  not  apply  here.  If  the  cut 
off  be  shortened  below  72  per  cent  there  is  now  no  loss  of  compression 
to  vitiate  the  efficiency.  At  50  per  cent  cut  off,  for  instance,  the 
power  has  fallen  to  55  per  cent  of  normal  and  the  efficiency  has  risen 
to  over  27  per  cent  instead  of  falling. 

44  It  is  the  load  scale,  of  course,  which  is  of  sole  interest  to  the 
gas  engine  user.  The  cut  off  scale  is  a  guide  merely  to  the  gas-engine 
builder.  The  latter,  indeed,  is  introduced  in  the  diagram  only  as  a 
necessary  means  of  stepping  from  one  type  of  engine  to  the  other. 
The  existing  engine  has  a  relation  of  power  to  cut  off  quite  different 
from  that  shown  by  the  superposition  of  the  two  horizontal  scales 
of  the  diagram,  which  gives,  instead,  the  relation  of  power  to  cut  off 
for  the  variable  clearance  engine.  Thus,  the  existing  engine  develops 
40  per  cent  of  its  rated  load  at  a  cut  off  of  about  53  per  cent,  where  it 
gives  an  efficiency  of  18.5  per  cent.  The  variable  clearance  engine, 
in  order  to  develop  40  per  cent  of  its  rated  power,  must  have  a  cut  off 
of  25  per  cent,  and  would  then  develop  an  efficiency  of  22.7  per  cent; 
or,  if  run  at  53  per  cent  cut  off,  like  the  existing  engine,  it  would 
develop  79  per  cent  of  its  rated  power  at  an  efficiency  of  27  per  cent. 

45  It  is  to  be  remembered  here  that  curve  V  is  more  or  less  aca- 
demic in  its  character.  While  the  influence  of  such  phenomena  as 
delayed  combustion,  etc.,  would  not  affect  its  form  as  markedly  as 
they  would  the  characteristic  of  a  constant  clearance  engine,  yet 
there  would  be  a  tendency  to  its  distortion  toward  an  increase  of 
efficiency  at  the  shorter  cut  offs.  Moreover,  while  it  may  be  possible 
to  control  the  clearance  space  of  an  explosive  engine  through  a 
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moderate  range,  it  will  develop,  as  the  investigation  proceeds,  that 
there  is  no  hope  of  adjusting  it  down  to  proportionality  with  the 
shorter  cut  offs.  After  the  clearance,  together  with  the  cut  off,  has 
been  reduced  to  a  certain  point,  they  can  be  reduced  no  further. 
From  this  point  down  to  still  smaller  loads  the  engine  must  regulate 
as  a  constant  clearance  machine,  with  a  curve  Uke  A^  of  Fig.  5  in  form, 
but  probably  higher.  Curve  V  would  probably  be  varied  into  some 
such  form  as  V  at  the  shorter  cut  offs. 

46  The  gain  which  has  been  accomplished  by  the  variation  of  the 
clearance  is  evident  at  a  glance.     It  lies  in  two  directions: 

47  First,  the  range  of  power  has  been  extended.  In  the  diagram 
the  new  engine  apparently  extends  only  to  25  per  cent  overload,  while 
the  existing  engine  goes  to  17  per  cent.  But  this  is  a  referring  the 
comparison  to  a  quite  arbitrary  basis,  namely,  the  builder's  rating. 
A  more  correct  statement  would  be  that  the  new  engine  possesses  its 
25  per  cent  margin  above  its  natural  rating,  or  the  point  of  maximum 
efficiency;  whereas  the  old  engine  possesses  no  margin  at  all  beyond 
that  point.  Another  way  of  stating  it  is  that  if  the  new  engine's 
builder  should  rate  his  machine  at  60  per  cent  cut  off,  with  an  effi- 
ciency of  over  27  per  cent,  he  would  get  a  margin  of  power  above 
rating  of  42  per  cent;  whereas  if  the  existing  engine's  builder  should 
rate  it  at  such  a  point  that  it  would  possess  a  margin  of  42  per  cent 
overload,  he  must  incur  an  efficiency  at  rated  load  of  only  20  per 
cent,  or  a  fifth  less  than  his  engine  is  really  capable  of  doing. 

48  Secondly,  there  is  a  great  gain  in  average  efficiency,  although 
the  efficiency  at  72  per  cent  cut  off  is  the  same  for  the  two  engines. 
Assuming  that  an  ordinary  load  will  fluctuate  evenly  from  40  to  100 
per  cent  of  rated  load,  the  old  engine's  efficiency  averages  at  20.7  per 
cent,  whereas  that  of  the  new  engine  is  26.1  per  cent,  or  a  gain  of 
over  one-quarter.  Should  the  load  range  similarly,  from  30  to  115 
per  cent  of  the  rating,  the  two  efficiencies  will  be  21.1  and  25.3  per 
cent  respectively,  or  a  gain  of  one-fifth. 

49  These  gains  are  substantial  ones.  They  are  undoubtedly  worth 
the  seeking,  although  the  obstacles  in  the  way  appear  to  be  stupen- 
dous. To  vary  the  clearance  space,  under  governor  control,  of  a 
cylinder  subject  to  pressures  ranging  upward  to  400  pounds  per 
square  inch  is  no  easy  task.  Nevertheless,  the  situation  is  not  with- 
out hope.  Three  general  lines  of  solution  are  open  to  the  adventurous 
designer.  Two  of  these  rely  upon,  as  the  means  for  varying  the 
clearance  space,  either 

a  Mechanism,  or 
b  Water  pockets 
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respectively.  The  third  is  an  indirect  means  for  accomplishing  the 
same  end  and  will  be  treated  later  under  the  head  of  Outside  Com- 
pression. 

50  a  Mechanism:  Tliis  method  would  most  naturally  start,  in 
its  conception,  with  a  movable  head  to  the  cylinder  of  an  ordinary 
gas-engine,  sliding  as  a  piston  in  a  continuation  of  the  cylinder  bore. 
Such  a  sliding  head  must  be  controlled  by  means  capable  of  with- 
standing a  total  pressure  of  400  pounds  per  square  inch.  Two  such 
means  are  standard  devices  in  the  arts,  viz:  the  screw,  and  the 
hydraulic  cyUnder. 

51  As  to  the  screw,  although  cumbrous  in  appearance,  it  is  not 
out  of  the  question.  A  diameter  at  the  bottom  of  its  threads  of  one- 
fifth  the  cylinder  diameter  would  place  its  metal  under  a  stress  which 
is  within  the  limits.  For  its  operation  there  would  naturally  be  pro- 
vided a  rotating  nut  held  in  thrust  bearings,  the  nut  being  itself  in  the 
form  of  a  worm  wheel  driven  by  a  tangential  worm.  A  second  worm- 
drive  applied  to  this  main  worm  would  probably  provide  that  slow- 
ness and  elasticity  of  drive  which  is  requisite  for  success.  For  it  is 
obvious  that  the  clearance  piston  screw  and  nut  will  be  bound  and 
immovable  in  their  bearings  during  the  brief  period  of  the  heaviest 
pressures,  whereas  they  will  move  with  merely  frictional  resistance 
during  the  idle  strokes  of  the  main  piston.  Somewhere  in  the  driving 
mechanism,  therefore,  must  be  provided  an  elasticity  which  -uill  per- 
mit the  heavy  nut  to  stop  for  an  instant  while  the  driving  end  of  the 
mechanism  continues  steadily  in  motion,  without  a  break. 

52  It  has  been  computed  that  such  a  gear  would  be  practicably 
slow  and  elastic  if  it  should  move  the  clearance-piston  from  maximum 
to  minimum  clearance,  or  the  reverse,  in  two  or  three  minutes.  For 
any  ordinary  fluctuations  in  load  this  would  be  amply  fast.  All  that 
is  wanted  usually  is  an  adjustment  of  the  clearance  into  correspond- 
ence with  the  average  load  of  the  period.  For,  it  may  be  necessary 
to  explain,  the  clearance-variation  is  not  a  means  of  regulation  of 
engine-power  and  speed  at  all.  The  governor  will  be  at  work 
as  usual.  It  aims  merely  to  elevate  the  average  efficiency  and  to 
extend  the  range  of  extreme  power,  by  proportioning  itself  to  the 
prevailing  load  in  a  general  way. 

53  As  to  the  means  for  guiding  this  clearance  control  mechanism, 
the  first  thought  might  be  that  its  connection  with  the  governor  were 
the  proper  thing,  that  the  clearance  might  be  proportional  always  to 
the  cut  off.  Second  thought,  however,  shows  this  plan  to  be  full  of 
peril.  The  desired  result  would  be  obtained  only  when  the  relation, 
between  the  position  of  the  governor  for  the  moment  and  the  resultant 
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position  of  the  clearance  piston  were  just  right.  The  question  of  the 
relative  adjustment  between  the  two  would  be  an  unending  source 
of  trouble  after  the  engine  had  once  left  the  factory  and  its  friends. 

54  Third  thought  on  this  question  returns  to  the  original  object 
of  the  entire  enterprise,  viz:  the  maintenance  of  compression  and 
explosion  pressures  virtually  constant.  Let,  then,  a  certain  maxi- 
mum explosion  pressure  be  chosen,  say  350  pounds.  Let  the  cylinder 
be  equipped  with  a  tiny  safety  valve  set  to  blow  off  at  this  pressure. 
Let  the  discharge  from  this  safety  valve  be  utilized  to  operate  a 
piston  or  diafram,  to  throw  into  or  out  of  gear  a  small  friction  clutch 
in  the  train  of  mechanism  between  main  shaft  and  clearance  screw. 
Plenty  of  power  is  available.  Since  the  motion  of  the  clearance 
piston  is  very  slow  and  its  resistance  (when  it  will  move  at  all)  merely 
frictional,  friction  gearing  ought  to  suffice  for  this  job.  The  clearance 
piston  will  then  creep  slowly  in  or  out,  following  the  general  fluctua- 
tions of  load,  so  as  to  keep  explosion  pressures  very  nearly  at  the 
chosen  point. 

55  The  above  supjDosition  is  described  in  detail  merely  to  illustrate 
the  statement  that  the  variation  of  the  clearance  is  a  problem  embody- 
ing its  solution  automatically  in  its  premises.  It  is  the  heavy  pres- 
sures which  it  is  aimed  to  control  which  themselves  supply  power 
requisite  for  the  task.  This  fact  will  be  seen  to  underlie  all  of  the 
diverse  methods  suggested  herein  toward  a  solution. 

56  It  may  be  questioned  as  to  whether  this  constancy  of  explosion 
pressures,  even  if  attained,  were  desirable.  On  short  cut  offs  the 
excessive  cooling  surface  in  proportion  to  the  charge,  together  with 
the  greater  likelihood  of  dilution  with  burnt  gases,  would  naturally 
lead  to  lower  temperatures  and  pressures  developing  from  a  given 
compression  pressure.  If  so,  then  our  projected  device  would  call 
for  higher  compression  on  the  lighter  loads  and  vice  versa,  or  an 
over  adjustment  of  clearance  space  to  load.  For  myself,  I  can 
see  no  objection  to  this.  It  should  improve  the  form  of  the  engine's 
characteristic,  rather  than  the  opposite.  Moreover,  it  is  to  be  remem- 
bered that  it  will  be  impossible  to  reduce  the  clearance  by  any  movable 
head  or  its  equivalent  to  a  lower  percentage  than  about  seven,  corre- 
sponding to  about  forty-five  per  cent  of  rated  load.  At  loads  smaller 
than  that  the  clearance  variator  will  go  out  of  commission,  and  the 
governor  will  then  control  the  power  quite  as  at  present  except  that 
the  now  constant  clearance  is  unusually  small.  The  likelihood  is  that 
the  engine's  characteristic  will  be  altered  from  the  theoretic  curve 
VV  of  Fig.  5  to  VV.  That  is  to  say,  at  these  very  short  cut-offs  the 
presence  of  surplus  clearance  filled  with  burnt  gases,  leading  to 
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slower  combustion  and  lower  and  later  maximum  pressures,  would 
be  beneficial  rather  than  otherwise;  for  the  prime  reason  for  the  rapid 
drop  of  the  curve  FF  at  the  shorter  cut  offs  is  the  over  expansion  of 
the  hot  charge  below  atmospheric  pressure  at  the  latter  end  of  the 
stroke,  because  of  the  very  small  clearance  needed  to  keep  the 
theoretic  pressure  of  explosion  up  to  the  predetermined  point. 

57  Some  of  the  considerations  just  listed  were  brought  to  light 
during  the  study  of  designs  of  several  forms  of  engine  of  this  t}^e 
which  were  undertaken  by  Messrs.  H.  E.  Harvey,  C.  A.  ]\Ierritt  and 
Phillip  L.  Sibley  in  1904,  whose  assistance  in  this  connection  I  desire 
to  acknowledge. 

58  b  Thehydraulic  cylinder  as  a,  means  oi  cleSkTSLYice  control  might 
be  used  for  the  operation  of  the  movable  piston  head  much  as  it  was 
proposed  to  use  the  screw.  Since  there  is  plenty  of  motive  power 
within  the  engine  cylinder  to  move  the  clearance  piston  outwardly, 
the  hydraulic  cylinder  need  be  onlj^  single  acting,  containing  a  plunger 
attached  directly  to  the  clearance  piston.  A  little  pump  on  the 
engine  would  keep  a  hydraulic  accumulator  charged.  The  diaphragm 
operated  by  the  little  safety  valve  would  then  have  only  to  operate 
a  three-way  cock,  letting  water  from  the  accumulator  into  and  out  of 
the  hydraulic  cylinder.  The  accumulator  pressure  need  be  only 
enough  to  overcome  the  frictional  resistance  of  the  clearance  piston 
with  certaint}^  for  during  the  explosion  the  latter  could  settle  back 
upon  the  water,  which  would  be  held  by  check  valves,  without  harm; 
when  the  exhaust  valve  opened  it  would  resume  its  inward  motion, 
if  such  were  needed.  Such  an  arrangement  would  be  far  superior 
to  the  screw  and  worm,  both  in  its  simplicity  and  in  the  speed  with 
which  it  would  be  practicable  to  operate  it. 

59  A  slight  modification  of  this  proposal  brings  it  into  even 
greater  simplicity.  Let  it  be  imagined  that  the  hjdraulic  accumulator 
is  set  to  the  pressure  which,  taken  for  the  area  of  the  plunger,  is  the 
equivalent  of  the  engine's  mean  effective  pressure  on  the  area  of  the 
main  piston.  Let  the  plunger  be  connected  to  the  automatic  con- 
troller of  the  accumulator  pressure,  so  that  when  the  plunger  stands  for 
minimum  clearance  the  accumulator  pressure  will  be  at  its  least,  and 
vice  versa.  Let  the  connection  between  the  accumulator  and  the 
hydrauUc  cylinder  be  always  wide  open,  without  diaphragms,  cocks, 
etc.,  bui  let  it  be  very  small — a  mere  leak. 

60  The  plunger,  with  the  clearance-piston  attached,  will  now  act 
as  a  mean  pressure  indicator  for  the  interior  of  the  cylinder.  During 
those  portions  of  the  engine's  cycle  when  gaseous  cylinder  pressures 
are  higher  than  their  mean,  they  will  overcome  the  hydraulic  pressure 
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and  drive  sonic  water  back  into  the  accumulator,  increasing  the  engine 
clearance;  but  the  displacement  would  be  very  slight.  During  the 
remainder  of  the  cycle  the  accumulator  pressure  would  overcome  the 
resistance  of  the  clearance  piston  and  slightly  reduce  the  clearance. 
The  balance  of  these  positive  and  negative  displacements  of  each 
cycle  would  determine  the  adjustment  of  the  clearance,  increasingly 
or  decreasingly.  Under  heavy  mean  effective  pressures  in  the  engine 
cylinder  the  clearance  would  be  large;  under  lighter  powers  it  would 
be  small.  The  adjustment  of  the  average  accumulator  pressure 
gives  a  ready  control  of  the  maximum  pressures  desired  to  be  main- 
tained as  standard  within  the  engine. 
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FIG.  6    CLEARANCE-VARIATION  BY  EXPANSIBLE  PISTON 


61  There  is  imaginable,  however,  still  another  suggestion  for  a 
hydraulic  control  of  clearances,  which  may  be  better  yet.  All  large 
double  acting  gas  engines  are  equipped  with  a  water  circulation 
through  the  piston-rod,  piston  and  tail  rod.  If  this  circulation  sys- 
tem be  utilized  to  carry  hydraulic  power  to  clearance  pistons  situated 
directly  on  the  face  of  the  main  piston,  the  cyUnder  heads  will  be  left 
undisturbed  and  free  for  the  best  arrangement  of  valves,  igniters, 
etc.,  as  at  present.  Such  an  arrangement  is  shown  diagrammatically 
in  Fig.  6.  It  portrays  the  jacketed  main  cylinder  and  heads  of  a 
horizontal  double-acting  gas  engine,  all  valves,  etc.,  being  omitted 
from  the  sketch.  The  main  piston  FF  is  shown,  attached  to  the 
piston  rod  R  and  the  tail  rod  7",  both  of  which  are  hollow.     The  main 
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piston  structure  is  equipped  with  two  followers  QQ  which  are  long 
enough  and  work  freely  enough  within  the  main  piston  to  act  as 
clearance  pistons.  When  these  followers  are  in  their  innermost 
positions,  as  drawn,  the  engine's  clearance  spaces  are  at  their  maxi- 
mum; their  distention  to  the  positions  shown  in  dotted  lines  reduces 
the  clearance  to  a  minimum.  For  their  actuation  the  tail  rod  brings 
in  water  from  an  accumulator  under  merely  sufficient  pressure  to 
overcome  the  friction  of  the  followers  in  the  main  piston,  in  which 
they  work  with  a  merely  water-packed  joint.  This  water  finds  access 
to  the  piston  body  through  the  spring  check  valves  A  A.  The  spring 
check  valves  BB  permit  the  egress  of  this  water  through  the  piston 
rod  R.  The  latter  may  be  loaded  to  a  resistance  equal  to  the  desired 
explosion  pressure  or,  what  is  better,  they  may  open  freely,  while 
the  desired  resistance  is  imposed  upon  the  exit  conduit  outside  the 
cylinder,  where  it  is  accessible  for  adjustment. 

62  In  operation,  a  Uttle  water  will  enter  from  the  accumulator 
and  distend  the  piston  sUghtly  during  each  suction  stroke  of  the 
engine,  until  the  resultant  decrease  of  the  clearance  so  crowds  up  the 
explosion  pressure  that  an  equal  amount  of  water  is  driven  out 
through  BB  each  cycle.  The  amount  of  water  admitted  each  cycle 
will  be  determined  by  the  set  of  the  admission  cock.  When  the 
governor  opens  up  a  long  cut  off  on  the  suction  stroke  and  produces 
a  heavy  explosion  more  water  than  this  will  be  driven  out  each  cycle 
and  the  clearance  will  grow  into  correspondence  with  the  cut  off. 
When  the  governor  reduces  the  cut  off  and  the  violence  of  the  impulse, 
less  water  than  this,  or  possibly  none  at  all,  will  be  driven  out  each 
cycle,  and  the  piston  will  slowly  distend  until  clearances  are  properly 
reduced. 

63  As  to  constructive  difficulties  which  may  be  foreseen,  the  most 
obvious  one  is  the  leakage  of  water  past  the  followers.  Yet,  if  it  be 
remembered  that  the  gaseous  pressure  within  the  cylinder,  which 
alone  places  the  water  under  stress,  is  also  exerted  at  the  joints 
between  piston  and  follower,  forcing  the  water  back  through  this 
joint  as  forcibly  as  it  squeezes  it  out,  it  will  be  seen  that  the  only 
tendency  to  leakage  is  that  due  to  the  gravity  of  the  water  itself; 
which  ought  to  be  controllable  with  comparatively  easy  fits  between 
piston  and  follower. 

64  c  Variation  of  clearance  by  water  pockets.  It  is  in  this  class  of 
clearance- variators  that  is  found  the  only  instance  of  the  actual  con- 
struction of  a  variable  clearance  engine  known  to  the  writer.  This  is 
the  engine  exhibited  in  London  in  1903  by  Mr.  Adolph  Vogt,  and 
illustrated  and  described  in  London  "Engineering"  of  January  8,  1904. 
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For  convenience,  a  diagram  showing  the  general  idea  underlying  its 
design  is  reproduced  in  Fig.  7.  The  engine's  operation  relies  upon 
the  interposition  of  a  body  of  water  between  the  piston  proper  and 
the  explosion.  As  the  piston  reciprocates,  the  surfaces  of  the  two 
bodies  of  water,  at  head  and  crank  ends  of  the  cylinder  respectively, 
move  up  and  down  alternately.  Above  them  are  formed  the  explo- 
sion chambers,  equipped  with  the  usual  igniters  and  valves.  In  such 
an  engine  any  variation  in  the  quantity  of  water  on  hand  obviously 
varies  the  effective  clearance.  The  means  already  suggested  for  the 
hydraulic  control  of  clearance  might  be  apphed  directly  to  these 


FIG.  7     CLEARANCE-VARIATION  BY  WATER-POCKETS  IN  CYLINDER 


water  chambers,  instead  of  to  the  hydraulic  cylinder.  I  beheve, 
however,  that  no  automatic  control  of  the  clearances  has  yet  been 
applied  to  this  engine. 

65  Such  an  engine  as  the  above  would  plainly  be  limited  narrowly 
as  to  its  speed.  Any  attempt  at  a  high  piston  speed  would  not  only 
develop  abnormal  inertia  effects  in  the  mass  of  water  present,  but  it 
would  so  disturb  the  surface  of  the  water  as  to  seriously  affect,  if  not 
destroy,  the  explosive  action.  As  a  riddance  of  this  trouble  the 
writer  has  suggested  (previously  to  the  appearance  of  Mr.  Vogt's 
engine)  a  form  of  engine  quite  Hke  Mr.  Vogt's,  but  turned  the  other 
side  up,  with  the  two  horns  of  the  cyhnder  turned  down  and  become 
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water  pockets.  In  such  an  engine  only  the  piston  would  move, 
while  the  water  remained  at  rest  at  the  bottom  of  the  pockets.  The 
valves  anil  igniters  would  of  course  be  removed  above  the  surface  of 
the  water.  He  has  also  suggested  one  or  two  forms  of  outside-com- 
pression  engines  (that  is  to  say,  engines  having  the  compression  per- 
formed completel}^  in  a  cyUnder  separate  from  the  explosion-cylinder) 
in  which  the  clearance  spaces  of  both  the  exploder  or  motor  cylinder 
and  of  the  compression-cylinder  were  in  the  form  of  pockets  contain- 
ing water. 

66  But  against  all  of  these  plans  for  the  presence  of  a  body  of 
water  within  the  explosion  cylinder,  against  the  surface  of  which  the 
explosion  is  to  occur,  there  is  to  be  urged  a  general  objection  which 
may  be  overwhelming.  It  is  to  be  remembered  that  in  the  Otto  type 
gas  engine  the  storage  of  heat  in  the  walls  by  the  working  charge  is 
as  beneficial  as  in  the  steam  engine  it  is  harmful.  During  the  first 
period  of  combustion  the  cylinder  walls  absorb  heat  which  must 
otherwise  be  wasted,  because  of  its  intolerable  temperature;  and  later 
in  the  expansion  stroke  the  working  gases  rely  considerably  upon 
this  stored  high  temperature  heat  for  their  support.^  This  action  is  a 
fundamental  factor  in  the  efficiency  of  the  engine;  but  it  would  be 
quite  impossible  of  occurrence  with  the  water  surfaces  suggested. 

67  This,  so  far  as  the  writer  is  aware,  exhausts  the  list  of  general 
methods  proposed  for  the  actual  variation  and  control  of  clearance, 
although  many  minor  modifications  may  be  found.  The  next  method 
in  order  for  consideration  is  one  which  varies  the  clearance  only  in 
effect,  instead  of  literally;  but  its  results  offer  a  wider  promise  than  do 
any  of  the  preceding  plans.  This  method  is  that  of  the  use  of 
outside  compression. 

OUTSIDE    COMPRESSION 

68  Imagine  a  gas  engine  consisting  of  at  least  two  cylinders,  one 
devoted  solely  to  compression  and  the  other  solely  to  combustion  and 
expansion.  The  compressor  would  most  naturally  be  double  acting. 
The  exploder  might  also  be  double  acting;  or  two  single  acting 
exploders  might  be  fed  by  one  double  acting  compressor. 

69  Here,  to  forestall  misunderstanding,  we  insert  a  parenthesis 
to  the  effect  that  the  machine  in  mind  is  not  the  ordinary  two-cycle 
or  Clerk-C3'cle  engine,  which  performs  only  a  little  compression  in  the 
feeding-cjdinder — only  enough  to  blow  the  gases  into  the  motor- 

'  See  the  writer's  "  Entropy-analysis  of  the  Otto  Cycle,"  Trans.  Am.Soc.M.E. 
1903,  and  his  "Thermodynamics  of  Heat-engines,"  page  300. 
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cylinder — and  then  loses  it  all  when  the  transfer  takes  place;  for  such 
an  engine  finally  performs  all  of  the  compression  in  the  exploder.  In 
the  proposed  engine  the  compressing  cylinder  is  to  discharge  the  fuel 
and  air  into  the  explosion  cylinder  at  the  full  pressure  predetermined 
as  the  one  fit  for  ignition  and  explosion  to  take  place. 

70  Nor,  this  being  the  case,  is  the  new  engine  to  burn  the  charge 
continuously  at  constant  pressure,  either  between  the  cylinders  or  as 
it  enters  the  motor  cylinder,  as  was  the  case  in  the  old  Brayton 
engine.  The  new  engine  is  to  transfer  its  charge  of  gas  and  air,  fully 
compressed,  and  the  two  preferably  compressed  separately,  from  com- 
pressor to  motor  cylinder  unignited.     After  a  suitable  portion  of 
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FIG.  8     GOVERNING  BY  VARIABLE  CUT-OFF  UNDER  CONSTANT  COMPRESSION 
IN  SEPARATE  CYLINDER 

explosive  mixture  has  been  taken  into  the  motor  cylinder,  the  supply 
is  cut  off  and  is  simultaneously  ignited.  Explosive  combustion  at 
nominally  constant  volume  then  ensues,  although  the  piston  is  really 
in  motion,  and  after  that  expansion  may  proceed  as  in  any  engine, 
to  any  predetermined  degree;  the  latter,  as  in  the  steam  engine, 
depending,  only  on  the  cut  off. 

71  The  theoretic  indicator-card  developed  by  such  an  engine, 
under  different  loads,  is  shown  in  Fig.  8.  The  full  line  card  is  sup- 
posedly that  at  normal  load,  the  broken  line  card  one  at  fractional 
load  and  the  broken  and  dotted  card  one  under  overload. 
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72  It  will  be  noticed  that  such  an  engine  would  be  working  upon 
what  is  virtually  a  Lenoir  cycle  operated  at  high  pressure.  Now  the 
old  Lenoir  cycle  was  in  several  respects  the  best  cycle  which  we  have 
yet  had  before  us.  It  gives  an  impulse  at  each  stroke,  yet  with  none 
of  the  doubt  as  to  the  mixing  of  fresh  charge  with  burnt  gases  which 
is  incidental  to  the  hurried  "change  cars"  of  the  two  cycle  Otto 
engine.  It  permits  the  governor  to  decide  as  to  the  energy  of  each 
impulse  after  the  engine  stroke  for  that  impulse  has  already  begun;  which 
we  found  to  be  one  of  the  marked  lacks  in  the  existing  gas  engine.  It 
permits  any  desired  degree  of  expansion  to  be  attained,  without 
incidental  variation  in  the  degree  of  compression  (if  there  be  any), 
which  is  another  marked  lack  in  existing  engines.  It  will  be  seen 
shortly  that  if  it  be  equipped  with  this  outside  compression  it  also 
lends  itself  easily  to  the  duties  of  a  reversing  engine,  which  is  a  third 
impossibility  with  existing  engines.  The  only  thing  which  was  wrong 
with  the  Lenoir  cycle  was  its  inefficiency  due  to  lack  of  compression — 
which  lack  we  now  propose  to  make  good — and  its  overheating, 
which  modern  methods  of  design  can  now  take  care  of. 

73  As  to  the  probable  efficiency  of  such  a  "high-pressure  Lenoir" 
engine  as  has  just  been  proposed,  a  short  investigation  of  its  probable 
variation  with  the  change  of  load,  so  far  as  it  may  be  revealed  by  such 
diagrams  as  those  of  Fig.  8,  shows  it  to  be  characterized  by  a  curve 
quite  parallel  with  that  of  Fig.  5  labelled  VV,  the  same  as  that  of  the 
variable  clearance  Otto  engine,  and  quite  superior  to  the  best  modern 
practice. 

74  There  is  an  operative  limitation  to  the  value  of  this  new  high- 
pressure  Lenoir  engine,  however,  which  prevails  quite  independently 
of  its  glittering  promise  in  the  direction  of  efficiency.  This  is  its 
limit  in  practicable  speed.  It  is  obvious  that  the  period  of  time  avail- 
able for  closing  the  admission  valve  and  igniting  and  fully  burning 
the  charge,  in  such  a  way  as  to  have  the  combustion  occur  explosively, 
in  spite  of  the  fact  that  the  piston  is  in  motion  with  mid  stroke 
velocity,  demands  great  rapidity  in  the  performance  of  these  events. 
The  situation  demands  some  ingenuity  in  the  gear  for  carrying  out 
these  functions,  and  at  the  best  a  moderate  speed  of  rotation  for  the 
engine. 

75  As  to  the  gear  needful  for  performing  the  causative  part  of  the 
task,  it  is  thought  that  that  can  be  supplied  by  proceeding  upon  the 
plan  of  igniting  while  the  charge  is  still  flowing  freely  in  through  the 
admission  valve,  and  then  arranging  to  have  the  ensuing  explosion 
close  the  valve.  Such  a  procedure  eliminates  the  serious  problem  of 
how  to  keep  always  in  proper  adjustment  the  relative  timing  of  cut 
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off  and  ignition,  if  both  were  to  be  left  to  mechanical  causation.  Yet 
a  hmitation  of  the  speed  of  rotation  below  that  common  in  many 
types  of  modern  gas  engines  would  still  prevail. 

76  On  the  other  hand,  there  are  many  services  in  which  this 
limitation  would  not  be  a  serious  one.  In  the  first  place,  the  limita- 
tion is  not  in  piston  speed,  but  in  rotative  speed;  for  the  period 
available  for  combustion  must  be  small  only  when  compared 
with  that  required  for  the  completion  of  the  stroke.  This  pro- 
claims immediately  the  fitness  of  the  cycle  for  large  engines. 
And  if  it  be  urged  that  in  the  cylinders  of  large  engines  the  period 
of  inflammation  is  greater  than  in  smaller  ones,  the  natural  reply  is 
that  the  plan  of  ignition  at  more  than  one  spot  in  the  compressed  charge 
as  a  means  of  hastening  inflammation,  has  never  yet  been  fully  investi- 
gated, because  never  yet  needed. 

77  This  new  type  of  high  pressure  Lenoir,  when  a  complete  unit 
in  itself,  must  always  embody  a  compressor  cylinder.  This  is  no  bar 
in  the  line  of  cost,  because  any  gas  engine  which  is  to  develop  an 
impulse  each  revolution  must  possess  two  single  acting  cylinders 
anyhow. 

78  The  necessary  presence  of  a  compressor  cylinder  makes  the 
high  pressure  Lenoir  an  engine  preeminently  adapted  for  blowing  or 
compressing.  For  the  latter  service  the  compressor  cylinder  would 
merely  be  made  abnormally  large,  to  serve  the  double  purpose  of 
supplying  its  own  motor  cylinder  and  the  outside  mains  also — so 
large  as  to  absorb  all  of  the  power  of  the  motor  cylinder,  leaving 
none  for  distribution  by  the  shaft  in  mechanical  form. 

79  For  the  task  of  blowing,  where  the  pressure  of  discharge  is 
considerably  below  that  fit  for  explosive  combustion,  the  engine 
would  be  equipped  with  a  small  compressing  cylinder  drawing  its 
suction  from  the  discharge  main  of  the  blower.  This  would  supply  the 
motor  cylinder  with  a  charge  compressed  to  a  degree  which  is  now 
impracticable  because  of  danger  from  preignition.  If  the  intercool- 
ing  between  blow^er  and  compressing  cyhnder  were  complete,  present 
limits  of  compression  could  be  transgressed  by  two  or  three  fold 
without  danger.  Even  with  single-stage  compression  it  is  to  be 
pointed  out  that  the  outside  compression  engine  would  permit  a 
higher  compression  than  is  now  safe  to  use;  for  the  charge  at  the 
beginning  of  compression  would  then  be  at  atmospheric  temperature, 
instead  of  at  the  120  to  150  degrees  fahr.  which  is  usual  when  the 
charge  is  taken  into  the  combustion  cylinder  for  compression. 

80  It  is  next  to  be  noted  that  it  is  not  necessary  for  the  com- 
pressor cylinder  of  the  high  pressure  Lenoir  engine  to  be  an  integral 
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part  of  the  machine  which  carries  the  mechanical  load.  A  single 
central  compressing  cyUnder  may  feed,  through  a  system  of  mains, 
a  dozen  or  more  distinct  and  separate  engines  scattered  about  a  mill, 
each  consisting  of  an  explosion  cyUnder  only.  Some  of  these  second- 
ary engines  might  be  used  for  continuous  rotation  at  constant  speed, 
for  generating  current  or  driving  shafting.  Others  might  be  hand 
controlled  reversing  engines,  actuating  rolls,  etc.  During  reversal 
such  engines  would  be  actuated,  for  a  fraction  of  a  revolution  or  so, 
solely  as  a  compressed  air  motor,  the  fuel  supply  being  cut  off  tem- 
porarily. So  soon  as  rotation  in  the  reversed  direction  had  proceeded 
sufficiently  so  that  any  one  cylinder  of  the  engine,  if  it  were  multiple- 
cylinder  in  form,  had  gotten  its  charge  of  fresh  explosive  mixture, 
explosive  combustion  might  be  again  relied  upon  as  the  source  of 
power.  The  possibilities  of  this  system  of  gas  engine  design  for  steel 
mill  drives,  where  compressed  air,  electricity  and  reversible  roll  drives 
are  all  needed  and  where  cheap  gas  is  usually  available,  appears  to  be 
enormous. 

81  Nor  is  it  necessary  to  have  the  engine  divested  of  its  compres- 
sor in  order  to  have  it  revei'sible.  If  the  compressor  were  fitted  with 
automatic  valves  it  would  operate  equally  well  with  the  shaft  rotat- 
ing in  either  direction. 

82  This  type  of  engine  and  its  cycle  have  been  foreshadowed  by 
a  number  of  inventors.  Their  patents,  however,  are  vague  and  inac- 
curate in  their  statement  of  the  results  to  be  attained,  the  difficulties 
involved  and  the  method  of  their  surmounting,  although  they 
describe  in  each  case  a  mechanism  which,  if  run  slowly  enough,  would 
develop  this  high-pressure  Lenoir  cycle.  They  quite  fail,  too,  to 
indicate  the  possibilities  of  the  engine  when  properly  worked  up  into 
a  system  of  mill-power,  with  its  units  specially  designed  to  attain  a 
proper  piston  speed.  Some  of  these  patents  concern  the  application 
of  the  cycle  to  automobile  service,  for  which  it  is  manifestly  unfit 
because  of  its  fundamental  limitation  in  speed  of  rotation. 

83  It  is  sufficient  to  the  title  of  the  present  article  to  have  pointed 
out  at  least  one  non-existent  type  of  gas  engine  which  is  hardly  more 
than  a  modification  of  the  existing  Otto  type  engine  and  which  is  yet 
capable  of  as  delicate  regulation,  and  by  the  same  means,  as  is  the  steam 
engine.  It  is  of  an  additional  interest  which  is  by  no  means  merely 
incidental  that  such  a  gas  engine  would  also  possess,  alone  of  all  exist- 
ing gas  engines,  a  characteristic  curve  of  efficiency  similar  in  form  to 
that  of  the  steam-engine,  and  an  ability  to  transmit  and  subdivide 
power  for  various  purposes  which  is  neither  exceeded  nor  equalled 
by  the  steam-engine. 
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The  Joule  Cycle,  and  Combustion  under  Constant  Pressure 

84  All  existing  gas  or  oil  engiMes  except  the  Brayton,  the  Diesel, 
the  Gardie  and  perhaps  a  few  others  of  less  importance,  and  all  the 
hypothetical  engines  hitherto  discussed  in  these  pages,  have  relied 
upon  combustion  at  virtually  constant  volume,  Avith  pressures  rising 
in  explosive  fashion,  for  their  motive  heat.  Contrasted  with  this,  how- 
ever there  is  another  method  of  combustion  which  has  long  been  before 
the  public  in  one  form  or  another  and  which  has  always  attracted 
a  large  number  of  inventors.  This  other  method  relies  upon  com- 
bustion under  constant  pressure,  with  an  increase  of  volume  only, 
rather  than  upon  combustion  under  constant  volume  with  increasing 
pressure. 

85  I  do  not  know  the  complete  history  of  this  general  idea.  So 
long  ago  as  1807  such  an  engine  was  proposed  by  Sir  George  Cayley,^ 
and  was  afterwards  developed  by  Wenham  and  Buckett,  in  England. 
This  engine  used  an  enclosed  furnace  containing  a  coal  fire,  through 
which  compressed  air  was  forced  in  a  quiet  current.  In  passing 
through  the  fire  the  air  became  heated  by  its  own  combustion  and 
expanded  in  volume.  The  products  of  combustion  passed  from  the 
furnace  into  an  expansion  or  motor  cylinder,  where  they  developed 
more  power  than  was  absorbed  in  their  compression.  The  net  differ- 
ence was  available  for  outside  work. 

86  Later  in  the  nineteenth  century  Joule  is  said  to  have  proposed 
quite  independently,  the  cycle  consisting  of  these  four  processes, 
namely: 

a  The  compression  of  atmospheric  air; 

h  Its  heating  under  constant  pressure  with  increasing  volume; 

c  Its  expansion  in  a  motor  cylinder  larger  than  the  com- 
pressor; 

d  Its  exhaust  to  the  atmosphere  for  condensation. 
This  cycle  contemplated  the  transmission  of  the  heat  through  the 
envelop  of  the  working  air,  as  was  done  in  the  Stirling  and  Ericsson 
hot  air  engines,  instead  of  the  development  of  the  heat  by  internal 
combustion. 

87  It  is  doubtful  if  Joule  deserves  the  credit  of  having  the  general 
constant  pressure  cycle  named  for  him ;  but  for  want  of  a  more  j  ust 
appellation,  w^e  shall  here  call  it  the  Joule  cycle. 

88  Yet,  in  spite  of  this  long  continued  interest  in  the  general 
plan,  there  is  today  no  representative  of  it  successful  upon  the  market. 
The  Braj'ton,  although  temporarily  quite  popular,  could  not  compete 

'See  Ewing's  "The  Steam  Engine,"  page  365 
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with  the  Otto  engine  which  appeared  in  1876.  The  Gardie,  a  French 
engine  using  a  gas  producer  under  pressure  between  the  compressor 
and  the  expander,  is  considerably  advertised  abroad,  but  has  failed 
in  at  least  one  attempt  to  enter  this  country.  There  is  no  other  repre- 
sentative of  the  type  which  has  attained  to  even  this  degree  of  com- 
mercial prominence. 

89  The  Diesel  motor  is  sometimes  spoken  of  as  such,  but  it  is  not. 
There  is  some  combustion  under  virtually  constant  pressure  inciden- 
tal to  its  action,  but  that  is  later  vitiated  by  combustion  "  under  con- 
stant temperature;"  and  the  machine  is  so  special  in  its  manner  of 
ignition  and  its  range  of  pressure  that  it  possesses  less  of  the  charac- 
teristics which  are  naturally  attendant  upon  continuous  combustion 
under  constant  pressure  than  does  almost  any  other  engine.  Indeed 
except  for  features  of  advantage  and  disadvantage  connected  solely 
with  the  question  of  fuel  used,  the  Diesel  stands  as  an  extreme  and 
special  high  pressure  development  of  the  Otto  type,  rather  than  as 
a  first  step  toward  the  broad  development  of  the  gas  engine  toward  a 
type  similar  to  the  steam  engine.^ 

90  It  may  be  said  broadly,  therefore,  that  we  now  have  upon  the 
market  no  successful  representative  of  this  broad  class  of  gas  and  oil 
engines.  It  is  proper  to  inquire,  first,  why  we  should  expect  to  have 
one,  and  secondly,  why  we  have  none. 

91  In  answer  to  the  first  query,  imagine  the  mechanical  combina- 
tion illustrated  diagrammatically  in  Fig.  9.  A  compressor  or  com- 
pressors feed  air  and  fuel  into  a  closed  system  leading  to  a  heat  insu- 
lated furnace,  and  beyond  the  furnace  is  an  expansion  cyUnder 
driving  both  the  compressors  and  the  shaft.  Therein,  C  is  the 
compressor,  F  the  enclosed  furnace,  M  the  motor  cylinder  and  S  the 
driven  shaft,  i?  is  a  reservoir  of  considerable  volume,  which  may  or 
may  not  be  included  in  the  system.  For  the  present  all  questions  of 
construction,  durability,  etc.,  will  be  neglected. 

92  In  such  a  system  the  valuable  features  arise  from  the  ease 
with  which  the  power  may  be  varied,  either  in  quantity,  speed  or 
direction  of  rotation,  without  appreciable  effect  upon  the  perfection 
of  combustion  occurring  within  F.     F  is  white  hot  inside,  instead  of 

*  The  writer  has  long  taught  his  students  that  the  remarkable  efficiency  of  the 
Diesel  engine  could  be  closely  paralleled  by  any  designer  of  Otto  engines  who 
chose  to  incur  similarly  high  pressures.  Since  these  pages  were  written  a  pre- 
liminary report  from  Professor  Burstall,  of  the  Gas  Engine  Research  Committee 
of  the  British  Institution  of  Mechanical  Engineers,  tells  of  an  indicated  efficiency 
of  over  41  per  cent  gotten  from  a  very  small  Otto  engine  by  using  a  compression 
of  200  pounds.     This  he  calls  "Diesel  efficiency." 
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being  water  jacketed,  so  that  poor  mixtures  of  fuel  and  air  may  not 
get  through  unburned.  It  has  no  rapidly  moving  piston  to  deter- 
mine how  fast  the  combustion  must ''proceed  in  order  to  be  useful. 
The  current  of  combustible  fluids  may  pass  through  F  fast  or  slowly, 
provided  its  capacity  be  not  exceeded,  and  in  lean  or  rich  mixture; 
yet  the  heat  will  always  be  developed.  Then,  too,  the  action  in  F 
is  unconscious  of  whether  S  be  rotated  in  one  direction  or  the  other. 
A  given  volume  of  fluids  may  be  passed  through  F  by  a  small  high 
speed  machine  or  a  large  slow  speed  one,  or  the  compressor  may  be 
of  one  type  while  the  expander  is  of  another.  Indeed,  the  compressoi 
and  expander  are  not  necessarily  parts  of  the  same  machine.  Yet 
practice  shows  the  combustion  to  be  unaffected.  It  may  be  said, 
in  general,  that  continuous  flame  combustion  takes  place  much  more 
readily  under  high  pressure  than  under  atmospheric  pressure. 


FIG.  9     ENGINE  FOR  COMBUSTION  UNDER  CONSTANT  PRESSURE 


93  Let  us  suppose,  now,  that  cylinder  M  normally  develops  167 
horse  power.  Normally  about  four-tenths  of  this,  or  67  horse  power, 
would  be  absorbed  in  compression,  leaving  a  net  100  horse  power  for 
the  shaft  S.  If  the  governor  of  the  machine  is  able  to  vary  the  power 
of  M,  in  steam  engine  fashion,  from  zero  to  twenty  per  cent  above 
its  rating,  then,  as  it  did  so,  the  net  power  of  the  machine  would 
vary  as  follows:..' 
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compressor's  resistance 

NET  POWER  DELTVERED  TO 
SHAFT 

Horse  power 

Horse  power 

h. 

P- 

and 

per  cent  of  rating 

200 

67 

133 

167 

67 

100 

133 

67 

66 

100 

67 

33 

67 

67 

0 

33 

67 

-34 

0 

67 

-67 

832  EVOLUTION    OF   THE    INTERNAL   COMBUSTION    ENGINE 

94  Of  course,  the  figures  in  the  last  cohimn  a])Ove  zero  and  below 
the  inaxinuau  imply  the  presence  of  some  means  for  by-passing  the 
unneeded  air  around  the  furnace,  which  is  easily  done.  Those  below 
zero  imply  the  storage  of  compressed  fluids  in  the  reservoir,  which 
could  not  continue  indefinitely;  yet  for  temporary  purposes  it  would 
be  of  great  use.  The  machine  therefore  possesses  a  wider  range  of 
power  than  even  the  steam-engine.  Its  regulation,  too,  would  be 
exactly  that  of  a  steam  engine,  both  in  promptness  and  in  dehcacy. 

Why,  then,  has  no  engine  of  this  type  succeeded? 

95  First,  as  to  efficiency.  The  efficiencies  of  the  constant- 
pressure  and  the  Otto  cycles  are  theoretically  the  same  at  the  same 
degree  of  compression.  It  is  this  fact  which  has  led  all  the  earlier 
constructors  in  this  novel  field,  down  to  the  present  time  so  far  as 
I  know,  to  adopt  the  same  degree  of  compression  as  that  prevaihng 
in  the  Otto  type  engines  of  their  day,  usually  six  to  eight  atmospheres. 
But  it  is  a  striking  characteristic  of  the  constant  pressure  type  that 
its  "fixed  charges"  of  frictional  and  thermal  loss,  and  especially  the 
former,  are  much  greater  than  those  of  the  Otto  type.  The  propor- 
tion of  the  gross  power  developed  in  the  motor  cylinder  which  is 
needed  for  compression  is  much  larger  than  in  the  Otto  type,  being 
some  forty  or  fifty  per  cent  as  compared  with  twenty  or  twenty-five 
for  the  latter.  This  resistance  is  fully  included  in  computing  the 
theoretic  indicated  efficiency,  but  its  incidental  friction  and  commer- 
cial cost  are  not.  Just  as  the  Otto  type,  with  its  moderate  proportion 
of  compression,  has  a  much  poorer  mechanical  efficiency  than  the 
steam  engine,  which  has  no  compression  of  its  fuel  and  air  at  all, 
so  the  Joule  type,  with  its  magnified  amount  of  compression,  has  a 
mechanical  efficiency  still  poorer  than  the  Otto. 

96  In  addition  to  this  greater  proportion  of  power  going  to  com- 
pression, the  surface  swept  over  by  the  pistons  of  a  Joule  type  engine, 
per  unit  of  power  developed,  is  much  greater  than  in  the  Otto.  Fig. 
10  is  designed  to  show  this.  In  Fig,  10  ABCDEFB  is  the  indicator- 
card  of  an  Otto  engine.  MBCNM  is  the  card  of  the  compressor 
cyhnder,  and  MNOSTM  is  the  card  of  the  motor  cyhnder,  of  an  equiv- 
alent Joule  type  engine.  The  distance  traversed  by  a  piston  of  any 
given  diameter,  in  developing  work  from  a  given  amount  of  fuel  at  a 
given  degree  of  compression  in  the  two  cycles  respectively,  is  that 
measured  by  twice  the  distance  AB  for  the  Otto  cycle  and  MB  plus  MT 
for  the  Joule,  or  in  the  proportion  of  two  to  three. 

97  It  is  the  two. obstacles  of  friction  and  cost  involved  in  this 
unusual  transmission  of  power  from  motor  to  compressor,  and  of 
fluids  from  compressor  to  motor,  which  have  always  kept  the  constant 
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pressure  engine  out  of  use.  No  machine  of  that  type  may  hope  to 
succeed  which  does  not  transmit  the  power  needed  for  compression 
directly  from  the  motor  piston,  without  transfer  through  oblique 
rods,  slides  and  cranks,  or  to  a  fly  wheel  and  back  again.  As  a  result- 
ant of  tills,  also,  no  machine  of  that  type  which  does  not  carry  its 
compression  very  much  higher  than  that  customary  in  the  Otto  type, 
so  as  to  develop  an  indicated  efficiency  so  high  that  it  can  afford 
these  losses  just  mentioned,  may  hope  to  compete. 

98  Yet  there  is  hope  even  here.  In  the  Joule  cycle  compression 
is  not  limited  by  anything  like  the  narrow  bounds  which  confine  it 
in  the  Otto.     In  the  latter  the  maximum  pressure  which  the  mechan- 
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FIG.  10     OTTO-CYCLE  AND  JOULE-CYCLE  DIAGRAMS 


ism  must  stand  is,  upon  occasion,  three  or  four  times  the  compres- 
sion pressure;  while  in  the  Joule  engine  it  is  merely  the  compression 
pressure  itself.  This  being  so,  it  might  seem  impartial  to  the  two 
types  to  compare  them  with  their  maximum  pressures,  rather  than 
with  their  compression  pressures,  alike.  If  we  do  this  we  must  have 
the  Joule  cycle  compressing  to  some  350  pounds  per  square  inch,  or 
about  twenty-five  atmospheres,  and  burning  at  that  pressure.  Its 
theoretic  efficiency  would  then  be  a  third  better  than  it  was  when 
compressing  to  only  eight  atmospheres. 

99     With  this  gain  in  theoretic  possibilities  the  Joule  cycle  has 
some  chance  for  successful  competition.     It  has  been  the  experience 
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of  both  myself  and  others,  so  far  as  I  am  acquainted,  that  a  working- 
pressure  of  at  least  five  atmospheres  must  be  attained  before  a  Joule 
engine  has  any  likelihood  of  being  able  to  develop  enough  net  power 
to  overcome  even  its  own  resistance;  but  from  that  pressure  upwards 
the  gain  of  power  and  efficiency  with  increase  of  pressure  is  rapid. 
The  "fixed  charges,"  both  thermal  and  frictional,  have  then  been 
met.  Nearly  all  the  increase  in  theoretic  power  due  to  the  increase 
in  pressure  is  available  as  actual  power. 

100  That  is  to  say,  the  theoretic  efficiency  of  the  Otto  engine 
compressing  to  eight  atmospheres  is  about  45  per  cent,  of  which  about 
one-half,  or  23  per  cent,  is  actually  available  on  the  shaft.  The 
theoretic  efficiency  of  the  Joule  engine  compressingto  five  atmospheres 
is  about  37  per  cent,  none  of  which  is  available  at  the  shaft.  But 
when  compressing  to  twenty-five  atmospheres  the  theoretic  efficiency 
of  the  Joule  engine  is  about  60  per  cent.  If  we  now  deduct  the  losses 
incurred  at  five  atmospheres,  which  have  not  been  appreciably  in- 
creased by  the  rise  in  pressure,  the  net  result  is  23  per  cent,  or  about 
on  a  par  with  the  Otto  type.  The  maximum  pressures  of  the  two 
engines  are  also  about  equal.  So  the  two  cycles  are  about  equal 
in  efficiency  when  worked  to  the  same  maximum  pressures.  Com- 
parative superiority,  therefore,  must  be  fought  out  between  them 
along  considerations  which  are  purely  mechanical  or  commercial  in 
their  nature. 

101  But  here  arises  a  fresh  obstacle.  Generations  of  experience 
with  steam  engines  has  taught  us  that  the  piston  and  cylinder  may 
not  be  used  profitably  for  so  wide  a  range  of  pressure  as  from  one  to 
twenty-five  atmospheres.  If  greater  ranges  of  pressure  than  that 
are  to  be  used  compounding  must  be  resorted  to. 

102  To  be  sure,  the  Otto  type  of  gas  engine  starts  its  expansion 
at  a  pressure  of  twenty-five  atmospheres  and  incurs  atmospheric 
pressure  on  the  back  stroke;  but  it  gives  up  further  expansion  when  a 
pressure  of  three  or  four  atmospheres  is  reached.  The  Diesel  comes 
nearer  to  doing  it,  for  it  starts  its  expansion  at  nearly  forty  atmos- 
pheres and  stops  at  only  two  or  three.  Both  machines  handle  atmos- 
pheric pressure  during  their  suction  stroke.  Both  of  them,  too, 
pay  heavily  for  their  infraction  of  this  fundamental  rule  in  engine 
design,  in  their  excessive  first  cost  and  uncontrollability  as  compared 
with  the  steam  engine. 

103  Now  it  is  only  by  its  promise  of  approach  to  steam  engine 
standards  that  the  Joule  cycle  holds  forth  any  inducement  to  patron- 
age. Therefore,  if  it  is  to  work  successfully  to  twenty-five  atmos- 
pheres it  must  be  compounded  on  both  the  compression  and  the 
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expansion  .side.  To  supply  compounding  on  the  compres.sion  side 
is  easy — easier  tiian  to  withhold  it,  at  twenty-five  atmospheres.  But 
compouncUng  on  the  expansion  side  is  another  and  a  much  more  diffi- 
cult matter.  Apparently  no  person  has  ever  yet  succeeded  in  expand- 
ing the  products  of  internal  combustion  through  two  stages  or  cylin- 
ders, and  in  deriving  any  decent  proportion  of  the  power  theoreti- 
cally to  be  expected  from  the  second  stage.  The  best  which  has  been 
accomplished  has  been  to  get  the  low-pressure  piston  to  overcome 
its  own  friction,  and  sometimes  not  even  that. 

104  The  reasons  for  this  are  explainable  by  the  same  phenomena 
which  were  referred  to  in  connection  with  the  unfitness  of  water  for 
direct  contact  with  the  working  gases  of  an  explosion  engine,  namely, 
the  very  rapid  heat  interchange  which  takes  place  with  the  envelop 
when  these  very  hot  gases  are  concerned,  and  the  extreme  sensitive- 
ness of  their  particular  form  of  heat  motive  power  to  the  abstraction 
of  hieat.  The  heat  stored  in  the  walls  by  the  flame  in  the  locality 
of  combusition  is  a  marked  source  of  power  in  the  ordinary  or  non- 
compound  Otto  type  gas  engine.  Its  lack  in  the  low  pressure  cylin- 
der of  a  compound  explosion  engine  is  the  source  of  the  chill  which 
is  always  revealed  by  the  collapse  of  the  gases  as  they  enter  this  cylin- 
der in  such  engines.  The  discussion  of  this  phenomenon,  in  its  gen- 
eral bearing  upon  the  problem  of  compounding  an  internal  combus- 
tion engine,  amounts  to  saying  that  the  dry  working  gases  of  such  an 
engine  possess  too  much  temperature  and  too  little  entropy,  or  heat 
mass,  to  stand  up  for  themselves  when  transferred  from  the  place 
of  their  birth  to  a  strange  locality.  In  order  to  solve  the  problem 
we  must  give  to  the  working  substance  enough  entropy  to  give  it 
carrying  power. 

105  Now  a  decrease  in  temperature  and  an  increase  in  entropy 
is  the  easiest  thing  in  the  world  to  accomplish.  It  is  an  incident  to 
every  instance  of  heat  conduction.  Moreover,  as  the  evaporation  of 
water  into  steam  involves  the  greatest  increase  of  entropy  of  any 
familiar  phenolfienon,  and  the  resultant  temperature  of  the  process 
is  automatically  controlled  by  the  prevailing  pressure.  Let  us, 
therefore,  exchange  this  unstable  and  evanescent  heat  of  the  hot  gases 
for  stable  and  reliable  steam  heat  of  a  lower  temperature,  which  will 
carry  through  a  succession  of  cjdinders  when  the  other  will  not. 
Moreover,  the  products  of  combustion  are  too  hot  to  be  handled 
efficiently  in  a  lagged  cylinder,  the  drop  in  temperature  is  in  itself 
an  advantage. 

106  Therefore  let  us  use  the  products  of  combustion  to  make  steam 
before  attempting  to  drive  a  piston  with  them;  and  since  they  are 
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already  under  the  pressure  at  which  the  steam  is  to  be  used,  their 
heat  is  most  conveniently  transferred  to  the  water  by  actual  contact. 
To  effect  this  the  flame  may  he  generated  upside  down  over  water 
and,  so  soon  as  combustion  is  complete,  plunged  therein.  Fig.  11 
shows  in  diagram  form  what  the  furnace  develops  into  along  this  line. 

The  question  which  arises  as  to  the  effect  of  this  device  is,  may  we 
expect  to  gain  enough  in  availability  from  our  gain  in  entropy  to 
make  up  for  our  loss  of  availability  in  our  loss  of  temperature? 

107  I  think  that  we  may.  The  reasons  for  the  beUef  are  shown 
in  Fig.  12.  This  diagram  displays,  first,  the  comparative  theoretic 
efficiencies  of  the  Otto  and  Joule  cycles  respectively,  when  both  work 
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FIG.  11 


DIAGRAM    OF   COMBUSTION-CHAMBER   AND    STEAM-GENERATOR    FOR 
ENGINE  OF  FIG.  9 


to  the  same  maximum  pressure.  The  Otto  cycle  is  drawn  for  a  com- 
pression of  103  pounds  by  gage,  exploding  to  350  pounds.  The  Joule 
compresses  direct  to  350  pounds.  Both  cycles  represent  the  action 
of  about  one  pound  of  working  substance,  receiving  1000  B.t.u.  from 
the  fuel. 

108  The  Joule  cycle,  AC  EGA,  almost  completely  encloses  the 
Otto  cycle  ABDFA.  But  both  are  extremely  high  temperature 
cycles.  In  the  Otto  cycle  high  temperature  is  valuable,  to  a  certain 
degree,  until  compounding  is  undertaken.  Then  all  its  value  is 
lost.  The  same  would  apply  to  the  Joule;  but  in  the  latter,  compound- 
ing may  never  he  dispensed  with.     At  the  same  time,  temperature 
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loss  and  entropy  gain  is  possible  in  the  Joule,  while  impossible  in  the 
Otto  cycle. 

109  Fig.  12  therefore  shows,  also,  the  conversion  of  the  high- 
temperature  narrow  entropy  heat  of  the  Joule  cycle,  by  means  of  the 
apparatus  of  Fig.  11,  into  the  resultant  low  temperature  wide  entropy 


Entropy 
FIG.  12     THERMAL  DIAGRAMS  FOR  OTTO,  JOULE  AND  REEVE  CYCLES 

cycle  HIJ KLH,  which  displays  the  thermodynamic  action  of  the 
mixture  of  nitrogen,  carbon  dioxid  and  superheated  steam  which  is 
cUscharged  from  the  generator  of  Fig.  11,  to  serve  as  a  working  sub- 
stance in  the  expansion  cylinders.     That  is  to  say,  the  heat  exchange 
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occurring  in  the  generator  is  shown  by  the  free  fall  or  constant  heat 
curve  EK. 

110  The  tremendous  reduction  in  the  temperature  drop  within 
the  engine,  with  its  inevitable  advantages  and  disadvantages,  is 
visible  at  a  glance.  The  point  of  interest  is  that,  whereas  only  a  frac- 
tion of  either  of  the  original  cycles  is  actually  available  for  work,  both 
being  subject  to  heavy  water  jacket  losses  inseparable  from  high 
temperatures,  the  reduced  area  of  HIJKL  is  virtually  all  available 
for  work.  It  has  neither  the  great  temperature  differences  of  the  gas 
engine  nor  the  wet  steam  of  the  saturated  steam  engine  to  promote 
activity  of  wall  loss. 

111  In  practice,  this  plan  fully  justifies  its  theorv-  That  is 
to  say,  it  gains  controllabiUty  and  reliability;  although  whether  at 
too  great  an  expense  in  other  directions  cannot  be  known  without 
lapse  of  time.  The  steam  generator  or  cooling  chamber  holds  the 
temperature  of  its  composite  discharge  stable  within  a  few  degrees, 
under  wide  fluctuation  in  flame;  yet  this  stable  temperature  is  readily 
altered  by  an  alteration  in  the  water  level,  which  is  of  course  main- 
tained automatically.  As  actually  operated  this  temperature  is 
most  readily  held  at  about  550  degrees  fahr.,  a  point  already  empir- 
ically reached  in  steam  engine  practice  with  superheated  steam  as  the 
one  most  conducive  to  safe  and  efficient  action  within  the  cyhnder. 

112  As  to  compounding,  the  success  of  the  principle  of  providing 
ample  entropy  is  more  striking  still.  The  power  carries  over  into 
the  low  pressure  C3dinder  perfectly.  This  cylinder  not  only  performs 
its  full  share  of  the  work,  but  more. 

113  For  instance,  for  the  purposes  of  adjusting  the  processes  of 
combustion,  our  chief  experimental  engine  was  run  for  some  time 
with  a  supply  of  factory  steam  in  the  low  pressure  cyhnder,  to  keep 
the  compressors  in  motion  \\Tthout  relying  upon  the  engine's  own 
motive  power.  The  full  capacity  of  the  compressors  was  then  being 
run  into  the  furnace,  under  full  pressure,  and  burned.  The  furnace 
was  white  hot  inside  and  well  lagged  outside.  Combustion  was  known 
to  be  complete.  Every  heat  unit  in  the  normal  fuel  supply  was  being 
developed  and  thrown  into  the  high  pressure  cylinder. 

1 1-i  But  as  5'et  no  water  had  been  supplied  to  the  spherical  pot  of 
Fig  11.  No  steam  was  being  made.  In  consequence  the  engine 
showed  no  sign  of  life,  when  the  power  derived  from  the  factory  boiler 
was  shut  off,  although  the  Joule  cycle  of  Fig.  12  was  being  performed 
as  perfectly  as  possible. 

115  Then  cold  water  was  pumped  into  the  pot,  up  against  the 
down-coming  flame.    It  would  seem  a  most  natural  expectation  that 
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under  those  chilling  circumstances  the  last  vestige  of  power  develop- 
ing effect  from  the  gas  flame  would  disappear.  Yet,,  on  the  contrary, 
the  cold  water  had  no  sooner  reached  the  flame  than  the  engine  showed 
every  sign  of  a  Ufe  and  power  of  its  own,  picking  up  speed  and  accumu- 
lating pressure  independently  of  the  outside  power. 

116  There  could  be  no  more  striking  illustration  than  this  of  the 
fact  that  entropy,  or  heat  mass,  is  the  thing  about  heat  which  is  of 
equal  avail  for  doing  work  with  temperature  drop;  if,  indeed,  it  be 
not  sometimes  more  effective;  just  as  mechanical  mass  is  often  of 
equal  or  greater  avail  for  doing  work  than  is  velocity.  For  instance, 
when  we  wish  to  drive  a  pile  effectively  we  do  not  take  a  tack  hammer 
and  give  it  the  velocity  of  a  rifle  bullet  downward  on  the  end  of  the 
pile,  in  order  to  embody  in  the  tack  hammer  the  requisite  amount  of 
kinetic  energy.  Yet  such  a  procedure  is  an  accurate  analogy  to  the 
use  of  the  white-hot,  but  thin,  molecules  of  the  hot  dry  gases  of  a  gas- 
engine  flame,  impinging  against  the  piston  with  the  enormous  veloc- 
ity of  their  bright  heat,  but  with  little  entropy  or  mass,  as  a  means 
for  its  propulsion. 

117  In  the  case  of  the  pile  we  take,  instead  of  the  tack-hammer, 
a  ton  of  iron;  and  we  drop  it  on  the  pile-head  with  a  velocity  lower 
than  a  boy  can  give  to  a  stone.  Yet  the  pile  moves;  whereas  under 
the  tack-hammer  it  would  not.  Similarly,  when  we  throw  against 
the  piston  and  cylinder  walls  the  four  fold  more  massive  molecules  of 
steam  heat,  even  though  moving  with  less  than  half  the  velocity  of  the 
flame  molecules,  the  piston  responds  with  a  steadiness  of  real  power 
which  the  gas  engine  piston  knows  nothing  about. 

118  The  importance  of  the  choice  of  proper  mass  for  the  perform- 
ance of  mechanical  work  is  unquestionable.  One  of  the  first  lessons 
learned  by  the  boy  in  the  shop  is  the  selection  of  a  proper  weight  of 
hammer  for  each  job.  All  through  the  problems  of  engine  design- 
ing mass  is  a  prime  factor.  Yet  mass  is  of  no  more  importance  in 
mechanics  than  is  entropy  in  thermodynamics.  It  is  as  impossible 
to  proceed  intelUgently  in  the  solution  of  thermodynamic  problems, 
without  a  finger-end  concept  of  entropy,  as  it  is  to  do  good  work  in 
mechanics  uninformed  as  to  the  reahty  of  mass. 

119  Anyone  who  has  ever  watched  the  prow  of  a  massive  ship 
forge  slowly  through  the  crib  work  of  a  wharf  with  which  it  was  in 
collision,  most  deliberately  yet  almost  irresistibly,  will  never  say  that 
there  is  no  such  thing  in  mechanics  as  mass.  Yet  the  thing  has 
been  publicly  and  repeatedly  said.  It  is  similarly  difficult  to  under- 
stand how  anyone  who  has  studiously  watched  steam  at  work,  its 
entropy  doing  thermodynamically  just  what  mass  does  in  mechanics, 
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can  ever  say  that  entropy  has  no  physical  reality,  or  that  it  is  of 
secondary  interest  to  temperature  in  the  study  of  thermodynamics. 

120  In  the  engine  recently  referred  to,  the  low  pressure  cylinder, 
which  was  over  three  times  the  volume  of  the  high  pressure  cylinder, 
developed,  when  thus  properly  supplied  with  entropy,  more  power 
than  the  high  pressure  cylinder.  Its  proportion  of  power  was  as 
readily  adjustable,  by  controlling  the  receiver  pressure  by  means  of 
the  low-pressure  cut  off,  as  is  the  case  in  any  compound  steam  engine. 

121  The  form  of  engine  which  was  developed  to  carry  on  this 
cycle  is  worthy  of  brief  mention.  The  problem  of  its  design  was 
stated  in  advance  as  follows: 

a  To  provide  for  compound  compression  and  expansion  with- 
in a  single  machine; 

h  To  transmit  power  directly  from  expander  piston  to  com- 
pressor piston; 

c  To  connect  all  pistons  to  a  single  crank  and  maintain  proper 
constancy  of  crank  effort; 

d  To  follow  standard  steam  engine  construction,  so  far  as 
possible. 

122  While  it  has  since  been  discovered  that  this  statement  of  the 
problem  was  too  rigid  in  some  particulars,  yet  such  it  was  supposed  to 
be  at  the  time  that  it  confronted  us.  In  its  solution  the  third  item  of 
specification  proved  to  be  the  most  troublesome.  Any  possible  ar- 
rangement of  compressor  and  expander  cylinders  in  tandem  promised 
to  give  an  abnormally  vigorous  impulse  to  the  crank  early  in  the  stroke, 
followed  by  a  vigorous  negative  pull  on  the  crank  shortly  after  mid- 
stroke.  This  phenomenon  is  a  familiar  one  in  all  steam  driven  air 
compressors;  but  there,  the  air  compression  being  the  only  duty, 
marked  variations  in  speed  are  not  objectionable.  With  us,  however, 
compression  was  a  merely  incidental  duty.  The  main  task,  the 
development  of  outside  power,  demanded  an  even  speed  and  a  con- 
stant crank  effort. 

123  The  problem  was  finally  solved  by  the  arrangement  of  parts 
shown  diagrammatically  in  Fig.  13.  Therein  HM  is  the  high  pressure 
motor  cylinder,  LM  is  the  low  pressure  motor  cylinder  and  C  is  the 
compressors,  driven  from  a  single  cross-head.  The  underhing  ideas 
were: 

a  To  set  the  low  pressure  motor,  which  should  normally  de- 
velop one  half  the  gross  power,  to  driving  the  compressors, 
which,  with  their  friction,  might  be  expected  to  absorb 
almost  one-half  the  same; 
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h  To  reserve  the  high  pressure  motor  for  driving  the  main 

shaft,  quite  as  in  an  ordinary  simple  steam  engine; 
c  To  have  the  compressors  so  timed,  with  dead  centers  occur- 
ring ahead  of  those  for  the  high  pressure  motor,  that  the 
former  would  develop  their  heavy  resistance  while  the 
latter  were  still  young  and  vigorous  in  their  stroke; 
d  To  develop  the  inertia  forces  needed  to  equahze  the  varying 
fluid  pressures  by  heavy  reciprocating  rather  than   by 
heavy  rotating  masses. 
124  All  of  this  was  accomplished  by  the  use  of  a  heavy  triangular 
cast  steel  connecting  rod  for  connecting  the  high  and  low  motor 
pistons  with  the  crank,  and  by  setting  the  compressors  tandem  to  th-e 
latter.      This  connecting  rod  served  as  a  clearing  house  for  all  surplus 
or  deficit  of  forces  arising  in  either  the  upper  or  lower  department. 
Late  in  the  outward  stroke  the  deficit  below  and  the  surplus  above 


FIG.  13     ACTUAL  CONSTRUCTIVE  ARRANGEMENT  OF  ENGINE  OF  FIG.  9 


combined  in  the  triangle  to  develop  a  downward  pressure  on  the  crank 
pin.  Late  in  the  inward  stroke  they  developed  a  similar  upward 
force.  The  crank  pin  thus  not  only  escaped  all  negative  pull  during 
its  horizontal  motion,  but  it  experienced  positive  propulsion  across 
dead  centers  as  well. 

125  Finally,  the  engine  was  equipped  with  double  acting  cylin- 
ders all  around,  with  piston  valves  to  the  motor  cyhnders  and  with 
a  Rites  shaft  governor  for  their  control.  The  motor  indicator  cards 
were  those  of  a  standard  compound  shaft  governor  steam  engine. 
The  regulation  was,  of  course,  that  of  the  automatic  steam  engine. 
Any  other  steam  engine  valve  gear,  including  reversing  gear,  could 
have  been  used  as  well  as  that  which  was  used.  The  motor  cylinders 
measured  7  by  18  inches  and  12  by  19  inches  respectively;  cylinder 
ratio,  3.22. 

126  The  exhaust  from  this  engine  looked  exactly  like  that  from  a 
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steam  engine.  In  fact,  however,  it  was  quite  different.  Its  tem- 
perature, instead  of  Ijeing  the  212  degrees  fahr.  which  was  called  for 
by  the  barometric  pressure,  had  it  been  pure  steam,  was  well  down 
toward  the  temperatures  common  in  the  exhaust  pipes  of  condensing 
steam  engines.  Had  the  conditions  of  operation  been  more  per- 
fectly under  control  than  is  commonly  the  case  with  experimental 
engines,  it  might  have  been  sent  there. 

127  Now  it  is  a  fact  famihar  to  all  versed  in  thermodynamics  that 
the  vacuum  exhaust  of  a  condensing  steam  engine  is  undertaken,  not 
for  the  sake  of  the  lowered  back  pressure,  as  was  originally  supposed, 
but  for  the  sake  of  the  lowered  exhaust  temperature;  which,  in  the 
special  case  where  steam  is  the  working  substance,  cannot  be  pro- 
cured without  lowering  the  pressure  below  atmospheric,  by  means  of 
the  air  pump  and  condenser.  But  this  is  a  troublesome  and  costly 
process  which  is  tolerated  solely  because  it  permits  the  exhaust  tem- 
perature to  be  dropped  from  212  to  125  degrees.  It  is  the  temperature 
range  within  the  engine  which  measures  its  efficiency,  not  its  pressure- 
range.  On  the  other  hand,  it  is  the  entropy  range  within  the  engine 
which  measures  its  capacity,  or  power;  and  it  is  because  the  steam 
engine,  with  its  restricted  temperature  range  and  much  derided 
efficiency,  possesses  an  enormous  entropy  range  that  it  was  the  first 
to  come  into  use,  that  it  stands  today  the  superior  of  the  gas  engine 
and  that  it  will  stay  with  us  to  the  last. 

128  Now  in  the  engine  just  described  there  exists  this  combination 
of  features,  namely: 

a  An  engine  using  liquid  or  gaseous  fuel  (that  is,  dispensing 
with  the  coal  pile,  pressure-boiler  and  grate), 

h  Developing  its  heat  by  a  form  of  combustion,  viz:  a  flame 
burning  continuously  under  higii  pressure,  which  it  is 
cUfficult  to  make  imperfect  and  which  is  always  more  per- 
fect than  in  the  explosive  type  of  engine,  and 

c  From  that  white-hot  combustion  developing  the  sturdy 
entropy  of  steam  heat,  yet  without  the  burdensome  pres- 
ence of  a  steam  boiler  under  pressure  or  of  the  transmis- 
sion of  heat  through  metals, 

d  Expanding  that  steam  heat  from  the  highest  practicable 
temperature  of  superheated  steam  down  to 

e  The  lowest  temperature  of  exhaust  which  is  useful  with 
steam,  yet  without  the  burden  of  a  condenser,  air  pump 
or  a  vacuum. 

/  In  standard  steam  engine  cylinders  capable  of  all  the  double 
action,  delicate  regulation,  margin  of  power,  reversibility. 
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etc.,    wliich    are    the   standard    attributes   of   the   steam 
engine,  and 
g  Involving  the  two  additional  advantages  of 

a  the  temporary  absorption  of  negative  work  upon  demand. 

and  • 
b  the  transmission  and  subdivision  of  power  from  a  cen- 
tral source. 

129  The  last  item  of  all  is  the  oni}^  one  which  has  not  yet  been 
discussed,  and  it  is  the  most  important  of  them  all  from  practical 
engineering  considerations. 

130  ImmecUately  the  imagination  enters  upon  the  field  which  such 
a  prime  mover  might  occupy  in  modern  industrial  enterprises  it 
becomes  evident  that  it  will  not  be  practicable,  or  convenient  and 
profitable,  at  any  rate,  to  equip  each  motor  cylinder  of  a  large  system, 
which  might  include  engines  and  services  of  the  most  diverse  charac- 
ter, with  its  own  set  of  compressors.     But  this  is  not  necessary. 

131  Let  us  imagine  a  central  compressing  plant,  consisting  of 
machines  similar  to  the  diagram  of  Fig.  12  but  having  compressors 
so  large  in  proportion  to  the  motors  that  there  would  be  no  surplus 
mechanical  power  after  driving  the  compressors.  Of  the  discharge 
from  these  compressors  their  own  motors  would  absorb  a  minor  frac- 
tion. The  remainder  would  be  available  for  distribution  to  distant 
combustion  chambers  feeding  independent  motors.  These  latter 
would  be  compound  non-condensing  engines  of  standard  steam  engine 
patterns,  coming  from  the  present  builders  of  steam  engines.  They 
would  be  special  only  in  that  they  would  be  fit  for  a  throttle  pressure 
of  300  or  400  pounds  per  square  inch;  their  cylinders  would  be  smaller 
than  usual  in  proportion  to  their  power  and  their  weight  of  connec- 
tions, etc.  They  would  be  cheaper  per  horse  power  than  a  standard 
compound  condensing  steam  engine  fit  for  the  usual  boiler  pressure. 
The}^  could  easily  be  made  of  the  most  diverse  types.  Slow  speed, 
high  speed  or  reversing  engines;  turbines,  steam  hammers,  pumps, 
etc.,  would  all-work  on  the  same  supply-system  as  they  now  do  from 
a  common  boiler-plant. 

132  Such  a  system  would  seem  to  be  ideal  in  its  elasticitj'  of  adap- 
tation, in  its  freedom  from  all  the  costs  and  objections  to  the  operation 
of  a  boiler  plant  and  in  its  extension  of  the  efficiency  of  the  gas  engine 
over  the  practicabiUty  of  the  steam  engine.  The  wonder  is,  at  first 
glance,  why  it  has  not  long  ago  become  a  standard  system  of  power 
development  and  distribution.  Indeed,  I  believe  that  ultimately 
it  will  become,  in  essential,  one  of  the  most  approved  standard 
methods.     But  it  has  not  yet  done  so;  and  it  probably  never  will,  in 
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just  the  form  clescril:)ed.  It  is  proper,  therefore,  to  inquire  wherein 
lie  the  unusual  costs  and  obstacles  which  so  beset  and  partially  coun- 
terbalance such  an  attractive  array  of  marked  advantages. 

133  These  have  already  been  partially  stated.  Most  of  them  are 
involved  in  the  greater  volume  of  piston  displacement  demanded, 
and  the  incidental  friction  and  first  cost.  These  unusual  costs  will 
no  doubt  be  justified,  at  times,  by  special  advantages  to  be  gained. 
But  if  the  system  is  to  be  available  for  wide  adoption  they  must  be 
minimized. 

134  The  most  obvious  step  to  this  end  is  the  use  of  the  turbine 
for  the  lower  stages  of  pressure.  The  turbine  has  already  signalized 
itself  as  a  machine  peculiarly  adapted  to  the  expansion  of  larger  vol- 
umes at  lower  pressures  than  the  piston  can  handle  profitably.  A 
few  steam  plants,  particularly  in  France,  have  already  carried  this 
idea  to  its  logical  conclusion  by  using  the  piston  and  cylinder  for  the 
high  pressure  stage  of  expansion  and  the  turbine  for  the  low  pressure 
stage;  but  only,  the  writer  believes,  where  some  special  demand,  such 
as  reversibility  in  the  upper  stage,  for  rolling  mill  drives,  gave  empha- 
sis to  the  advantages  to  be  gained.  In  the  central  plant  of  an  inter- 
nal combustion  power  distributing  system,  such  as  was  described, 
the  special  demand  exists;  and  a  turbine  would  there  be  used,  without 
doubt,  for  the  low-pressure  stage  of  expansion.' 

135  As  to  compression,  however,  there  is  less  experience  and  more 
doubt,  though  the  doubt  is  not  a  prohibitive  one.  Turbines  have  been 
connected  directly  to  centrifugal  fans  and  have  developed  a  discharge 
pressure  as  high  as  five  atmospheres  with  efficiencies  ranging  as  high 
as  70  per  cent;  with  the  handling,  of  course,  of  volumes  of  air  which 
are  enormous  in  comparison  with  ordinary  compressor  capacities. 
Worked  to  even  a  much  lower  pressure  than  this,  such  a  machine 
would  so  reduce  the  requisite  piston  displacement  of  a  given  plant 
as  to  bring  costs  and  frictional  losses  within  reason  for  any  plant  large 
enough  to  make  the  duplex  character  of  the  plant  not  undesirable 
in  itself.  The  combination  of  high  pressure  reciprocating  engines 
with  low  pressure  turbines,  which  now  promises  to  become  standard 
practice,  would  be  an  ideal  aid  toward  the  practicability  of  this  general 
plan. 

136  There  is  another  objection  to  the  plan,  however,  which  is 
more  fundamental  in  character.     This  lies  in  the  question  of  getting 

'  These  pages  were  written  not  only  before  the  recent  decision  of  a  British 
steamship  company  to  equip  one  of  its  new  steamers  with  a  combination  of  high 
pressure  reciprocating  and  low  pressure  turbine  engines,  but  before  the  same 
plan  was  forecast  for  stationary  power-jilants  by  Mr.  Henry  Stott,  of  New  York. 
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a  cold  plant  into  motion  under  load.  When  once  in  operation  and 
hot,  the  margin  of  power,  as  already  stated,  is  the  equal  or  better  of 
the  steam  engine.  But  for  starting  cold  the  system's  reservoirs  are 
of  no  avail,  in  comparison  with  the  steam  boiler.  Nor  can  they  com- 
pare even  with  the  reliance  of  the  ordinary  gas  engine  upon  a  reser- 
voir of  compressed  air  for  a  start.  In  the  explosive  engine,  one  or 
two  revolutions  is  usually  enough  to  permit  the  engine  to  pick  up  its 
normal,  or  almost  normal,  supply  of  energy  from  the  fuel.  But  in 
the  constant  pressure  engine  this  is  by  no  means  so.  The  motive 
power  is  based  upon  the  accumulation  of  a  considerable  store  of  tem- 
perature in  the  combustion-chamber  and  its  accessories.  Such  a 
device  will  warm  up  more  quickly  than  will  a  boiler  and  superheater; 
but  the  period  during  which  combustion  is  maintained  therein  before 
substantial  power  is  available  is  quite  beyond  the  reach  of  any  ordi- 
nary compressed-air  reservoir. 

137  In  large  plants  a  large  reservoir  might  be  used  to  warm  up 
and  start  a  little  combustion  chamber  and  engine,  and  that  in  turn 
used  to  "excite"  the  main  engine;  and  where  feasible  at  all  such  a 
plan  would  be  entirely  practicable.  But  it  would  still  be  a  trouble- 
some means  of  starting,  and  for  the  great  majority  of  smaller  plants 
it  would  be  prohibitive. 

138  What  is  wanted,  then,  is  a  self  starting  central  plant,  which 
shall  pick  up  pressures  in  the  system  from  atmospheric  when  every- 
thing is  cold  and  do  it  quickly  and  easily. 

139  Whereas  the  explosive  cycle  has  been  shown  to  be  of  an  uncon- 
trollable nature  and  unfit  for  the  finer  services  which  steam  handles 
with  perfect  docility,  yet  the  compression  of  air  and  gas  is  not  one  of 
those  refined  services.  It  needs  to  be  performed  efficiently;  but  it 
makes  no  demand  at  all  for  delicacy  of  speed  regulation,  nor  for  a 
wide  margin  of  power  at  the  motor  end  of  the  machine.  Theoreti- 
cally the  power  needed  per  stroke  for  a  constant  discharge  pressure 
is  constant.  Actually  only  such  variation  is  called  for  as  will  suffice 
to  speed  up  or  slow  down  to  meet  the  varying  volumes  demanded, 
which  is  a  question  of  machine  friction  only.  For  such  a  service,  then, 
the  explosive  cycle,  barring  its  demand  for  unusual  fly  wheels,  is  per- 
fectly fitted.  For  the  present,  too,  the  present  discrepancy  in  natural 
speed  between  gas  engines  and  compressors  will  be  overlooked;  for 
a  few  high  speed  compressors  have  already  been  built  with  success, 
and  more  will  follow  so  soon  as  a  demand  for  them  is  felt. 

140  In  this  connection  some  readers  may  recall  with  interest  the 
struggles  of  years  gone  bj^  for  direct  connection  between  steam  engines 
and  dynamos.     Those  who  called  for  it  were  told  by  those  who  opposed 


840  EVOLUTION    OF   THE    INTERNAL    COMHUSTION    ENGINE 

it  that  the  two  machines  had  natural  speeds  which  were  too  far  apart 
ever  to  be  brought  together.  Yet  now  who  ever  sees  a  dynamo  run- 
ning at  one  speed  driven  by  an  engine  running  at  another? 

14 1  If  we  imagine,  then,  the  central  plant  to  consist  of  compressors 
direct  driven  from  explosive  engines,  have  we  not  the  complete  solu- 
tion of  the  entire  problem?  The  compressors,  when  the  mains  were 
empty,  would  offer  no  resistance  but  machine  friction  to  starting; 
which  is  just  the  condition  of  affairs  which  makes  the  explosive 
engine  easily  self  starting.  This  engine  once  started,  pressures  could 
be  accunudated  and  the  combustion  chambers  warmed  up  as  deliber- 
ately, or  almost  as  rapidly,  as  one  pleased. 

142  The  picture  becomes  even  more  mechanical,  natural  and 
attractive  if  the  type  of  explosion  engine  chosen  for  this  work  be  the 
variable  cut  off,  outside  compression  type,  which  was  indicated  in 
Fig.  8.  That  type  was  then  described  as  preeminently  adapted  to 
compression.  Moreover  it  will  appear,  if  the  actual  design  of  such 
a  central  engine  be  undertaken,  that  it  is  urgently  desirable  that  the 
expansion  part  of  its  process  be  divided  into  two  stages,  or  com- 
pounded. For  this  the  water  filled  cooling  chamber,  for  exchanging 
temperature  for  entropy,  stands  read}',  making  the  process  feasible 
where  otherwise  it  would  be  hopeless,  or  most  difficult  at  least. 

Mr.  H.  H.  Suplee  This  discussion  upon  the  division  of  the  opera- 
tion of  the  gas  engine  as  regards  the  compression  and  the  combustion 
leads  me  to  call  attention  to  the  progress  which  has  been  made  in  the 
development  of  the  Diesel  motor  in  the  United  States.  The  principal 
difficulty  with  the  Diesel  motor,  employing  high  air  pressures,  has 
been  with  the  air  compression  pump.  The  air  is  partially  compressed 
by  a  pump,  directly  connected  to  the  engine,  and  the  air  delivered  to 
the  cylinder,  where  the  final  compression  is  effected.  The  American 
builders  of  the  Diesel  engine  have  modified  this  in  a  very  practical 
manner  by  using  an  independent,  two-stage  compressor  of  a  standard 
commercial  type,  driven  by  the  motor,  and  delivering  the  compressed 
air  to  the  engine  or  engines  as  the  case  may  be.  In  this  way  the 
difficulties  encountered  with  the  compressing  pump  attached  to  the 
engine  are  eUminated,  and  the  advantages  of  the  latest  type  of 
separate  compressor  are  realized.  This  is  somewhat  analogous  to  the 
present  marine  practice  of  employing  independent  air  pumps,  rather 
than  pumps  directly  connected  to  the  engine. 

The  Auth(jh  The  question  of  compounding  touches  the  keynote 
of  the  gas  engine  problem  of  today.     The  gas  engine  discussion  which 
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I  have  heard  in  the  corridors  since  arriving  at  the  meeting,  has  always 
turned  upon  one  basic  point,  viz;  Can  the  gas  engine  return  enough  in 
fuel  saving  to  pay  for  the  heavy  investment  involved?  The  same 
point  has  arisen  several  times  in  the  auditorium  discussion.  The 
papers  on  foundry  practice  raise  the  corollary  question:  How  can  we 
procure  castings  of  the  weight  (thickness)  demanded  by  modern  large 
power  gas  engines,  and  have  them  reliable? 

2  All  of  this  doubt  regarding  the  gas  engine  rests  upon  one  point, 
which  was  briefly  mentioned  in  my  paper  but  which  needs  emphasis, 
viz;  That  steam  engine  practice  long  ago  taught  us  the  commercial 
mistake  involved  in  trying  to  handle  heavy  pressures  and  large  volumes 
on  the  same  piston.  The  remedy,  in  steam  engineering,  is  compound- 
ing, or  the  use  of  a  small  piston  to  handle  heavy  pressures  and  of  a 
separate  larger  piston  to  handle  large  volumes.  I  repeat  that  this 
is  the  prime  reason  for  compounding.  If  an  attempt  were  made  to 
design  a  steam-engine  to  expand  from  a  boiler  pressure  of  150  or  200 
pounds  down  to  an  ordinary  vacuum  in  simple  cylinders,  developing 
even  as  little  as  a  few  hundred  horse  power,  such  questions  as  maxi- 
mum cross-head  stress,  regularity  of  crank-effort,  effect  of  clearance, 
and  valve-gear  for  extremely  short  cut-off  would  assume  such  import- 
ance that  thermodynamic  questions  would  quickly  take  secondary 
place.  When  the  power  developed  runs  into  the  thousands  of  horse 
power,  as  in  marine  practice,  compounding  becomes  an  absolute 
necessity  from  purely  mechanical  and  commercial  reasons.  To  throw 
modern  boiler  pre'ssure  upon  a  piston  big  enough  to  expand  below 
atmospheric  would  demand  cylinder-castings  as  massive  as  those 
smooth  bore  cast-iron  cannon  which  now  pass  under  the  name  of  gas 
engine. 

3  The  gas  engine,  therefore,  must  seek  similar  relief  in  compound- 
ing. Yet  we  have  never  had  even  an  attempt  at  true  compound- 
ing in  gas  engine  practice.  The  attachment  of  a  further  expansion 
cylinder,  while  the  combustion  cylinder  still  experiences  atmos- 
pheric pressure  on  one  stroke  and  explosive  pressure  on  the  next — • 
still  does  the  Ijoy's  jol)  of  displacing  exhaust  gases  and  metering  fresh 
charge,  while  built  for  the  man's  job  of  handling  the  shock  of  explo- 
sion— is  not  compounding  at  all.  In  true  compounding  the  high 
pressure  cylinder  does  nothing  but  handle  high  pressures,  and  is 
small  and  strong  without  being  ponderous.  It  crrries  receiver  pres- 
sure as  a  back  pressure,  and  never  experiences  atmospheric  pressure. 
Tlie  low  pressure  cylinder  cooi)erates  by  its  contrast  to  this,  in  the 
handhng  of  large  volumes  while  protected  from  heavy  pressures  by 
the  high-pressure  cylinder;  and  so  also  avoids  ponderousness. 


848  EVOLUTION  OF  THE  INTERNAL  COMBUSTION  ENGINE 

4  To  such  compounding  the  gas  engine  must  come.  To  its  attain- 
ment the  type  described  in  the  paper  in  Par.  68  et  seq.,  combined  with 
the  processes  of  Fig.  11  and  12  in  place  of  a  receiver,  offers  facile 
approach.     An  engine  designed  along  such  lines  would  comprise : 

a  A  compressing  cylinder,  big  enough  to  handle  the  requisite 
quantity  of  fuel  and  strong  enough  to  perform  compres- 
sion only: 

b  An  explosion  cylinder,  strong  enough  to  withstand  explosive 
shock  but  only  big  enough  to  stand  the  exploded  charge  half 
way  to  exhaust,  after  which  it  exhausts  under  receiver  back 
pressure,  like  any  steam  engine  high  pressure  cylinder; 

c  A  low  pressure  expansion  cylinder,  drawing  from  this  receiver 
and  expanding  to  atmospheric  pressure,  quite  like  any 
steam  engine  low  pressure  cylinder. 

5  Such  an  engine  could  parallel  the  compound  steam  engine 
in  cost  per  horse  power,  in  large  powers,  and  alone  promises  relief 
from  the  present  limitation  in  the  use  of  gas  engines  due  to  heavy 
first  cost. 

6  When  it  is  added  that,  with  outside  compression,  the  limitation 
of  degree  of  compression  by  preignition  disappears  from  such  a  ma- 
chine, it  is  obvious  that  improvement  in  thermodynamic  efficiency 
may  follow,  if  it  does  not  lead,  progress  in  commercial  efficiency — as 
has  always  been  the  case  in  the  history  of  steam  engine  compounding. 
In  such  a  gas  engine  compression-pressures  might  be  raised,  as  demand 
is  felt,  until  the  compression  department  operates  in  two,  or  even 
three  or  more,  stages ;  yet  no  danger  of  preignition  could  arise.  The 
obstacles  to  the  indefinite  increase  of  thermodj^namic  efficiency  by 
increase  of  compression  would  then  have  become  solely  mechanical 
or  commercial,  rather  than  chemical  or  combustive,  in  their  form. 
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These  notes  have  special  reference  to  the  design  and  manufacture 
of  large  and  complicated  castings;  castings  in  which  the  material 
must  be  intrinsically  strong  and  in  which  all  of  the  various  elements 
of  a  complicated  casting  must  work  harmoniously  to  accomplish  the 
engineering  purpose  intended. 

2  Small  castings,  as  a  rule,  require  much  less  consideration  for 
two  reasons:  First;  It  is  not  usual  to  demand  high  strength  in  small 
iron  castings  because  the  designer  will  usually  make  a  section  thick 
enough  to  permit  of  pouring  the  metal — obtaining  this  information 
either  from  his  own  observation  or  by  the  foundryman's  advice — and 
for  most  small  objects  the  sections  thus  determined  are  more  than 
ample  for  considerations  of  strength.  Second;  Thin  castings,  by 
virtue  of  their  more  rapid  cooling,  are  almost  certain  to  be  stronger 
per  unit  section  than  would  be  the  case  if  the  same  metal  were  poured 
into  larger  and  heavier  shapes. 

3  Many  large  iron  castings  are,  I  believe,  of  questionable  strength 
and  of  doubtful  reliability,  even  though  they  have  not  as  yet  broken 
in  service,  because  of  internal  strains  and  lack  of  harmony  between 
their  constructive  elements.  This  may  be  true  even  though  the 
casting  is  poured  out  of  iron  of  the  best  quality,  and  may  be  due  to 
inconsistencies  of  design  occasioned  by  lack  of  experience  on  the  part 
of  the  designer  especially  in  the  cooling  and  shrinking  of  the  various 
parts  of  a  large  casting  after  being  poured. 

4  The  physics  of  cooling,  shrinking  and  synchronous  contraction 
is  a  study  which  the  foundryman  should  be  better  able  to  follow,  and 
to  become  expert  in,  than  the  designer;  and  the  engineering  depart- 
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ment  of  a  manufacturing  plant  making  large  iron  castings  of  com- 
plicated shapes,  would  do  well  to  consult  foundry  conditions  very 
carefully  before  finally  determining  upon  and  accepting  designs  for 
such  castings. 

5  The  foundryman's  knowledge  of  the  physics  of  the  foundry 
should  qualify  him  to  anticipate  some  things  not  generally  known 
to  the  average  draftsman,  and  often  not  known  to  the  supervising 
engineer. 

6  The  usual  drawing  room  method  is  one  of  making  assumptions 
in  design  by  which  sections  of  castings  are  regarded  as  beams  of 
various  sorts,  loaded  in  various  ways,  as  pillars,  as  sections  in  tension 
and  sections  in  compression,  etc.  These  assumptions  are  made  as 
though  the  said  members  and  said  sections  were  of  cold  materials, 
put  together  in  such  a  manner  as  to  allow  each  section  to  remain 
normal  to  itself,  as  would  be  the  case  in  building  up  a  bridge  truss, 
securing  member  to  member  by  rivets  or  pins.  Unfortunately  for 
such  assumptions  the  casting  must  go  through  the  stages  of  molten, 
red  hot  and  cold  conditions  before  it  is  in  its  final  form,  and  what 
happens  during  these  changes  of  state  may  entirely  upset  the  engi- 
neering assumptions  upon  which  its  members  were  calculated,  and 
when  the  casting  is  cold,  some  members  which  were  expected  to  be  in 
tension  may  be  in  compression,  and  vice  versa;  others  ^that  had  been 
intended  for  compression  may  be  actually  in  tension.  It  is  therefore 
necessary  in  designing  to  consider  carefully  whether  the  casting,  after 
having  passed  through  these  formative  stages,  will  ultimately  be  as 
the  designer  assumes. 

7  Castings  are  often  designed  with  a  useless  multiplicity  of  ribs, 
walls,  gussets,  brackets,  etc.,  which  by  their  asynchronous  cooling 
and  their  inharmonious  shrinkage  and  contraction,  may  entirely 
defeat  the  intention  of  the  designer.  He  may  find  some  of  his  walls, 
ribs,  or  brackets  cracked  before  the  casting  is  cleaned.  It  is  some- 
times possible  to  remove  such  superfluous  walls,  ribs  and  brackets, 
and  thereby  obtain  not  only  a  lighter  but  a  stronger  and  more  depend- 
able casting. 

8  It  is  highly  essential  that  the  designer  keep  in  mind,  as  nearly 
as  he  can  imagine,  the  cooling  processes  through  which  the  casting 
must  pass,  and  the  effect  which  will  be  produced  upon  any  given 
wall  or  member  of  the  casting  if  it  is  cooled  faster  or  slower  than  the 
other  parts  of  the  same  casting.  It  would  be  difficult  to  set  down  any 
considerable  number  of  rules  governing  this  matter,  but  it  may  be  of 
advantage  to  call  attention  to  the  necessity  for  careful  study  of  this 
and  of  related  subjects. 
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9  The  outer  walls  of  a  casting,  that  is  to  say  those  which  are  more 
nearly  adjacent  to  the  sides  and  radiating  surfaces  of  the  flask,  are 
naturally  the  first  parts  of  a  casting  to  los:^  heat,  to  fall  in  tempera- 
ture, to  begin  to  contract  and  to  decrease  all  their  linear  dimensions. 
The  inner  walls  of  the  same  casting,  being  more  isolated  from  the  outer 
and  conducting  surfaces  of  the  flask,  may  remain  hot  for  a  much 
longe^  period  than  the  outer  portions;  as  a  consequence  the  outer 
members  of  certain  castings  may  cool  and  take  on  their  ultimate 
dimensions  while  the  inner  members  are  still  very  hot.  The  latter 
will,  of  course,  ultimately  coo!  off  by  conduction,  but  they  will  also 
continue  to  contract  until  at  normal  temperature,  and  their  freedom 
of  contraction  may  be  prevented  by  the  already  determined  dimen- 
sions of  the  outer  walls;  as  a  result  there  is  likely  to  be  violent  tension 
strains  in  the  interior  walls  of  such  castings.  Sometimes  these 
strains  are  sufficient  to  cause  rupture  while  the  casting  is  still  iij  the 
mold;  sometimes  the  casting  does  not  rupture  until  it  is  out  in  service, 
and  even  if  it  breaks  in  service  the  rupture  may  not  be  produced  by 
stresses  of  engineering  design,  but  may  be  due  to  the  original  asyn- 
chronous cooling  of  the  various  parts  of  the  casting. 

10  There  are  some  castings  which,  by  virtue  of  their  shapes,  can 
be  specially  treated  by  the  foundryman,  and  artificial  cooling  of 
certain  critical  parts  may  be  effected  in  order  to  compel  such  parts  to 
cool  more  rapidly  than  they  would  naturally  do,  and  the  strength  of 
the  casting  may  by  such  means  be  beneficially  affected.  As  for 
instance  in  the  case  of  a  flywheel  with  heavy  rim  but  comparatively 
Ught  arms  and  hub;  it  may  be  beneficial  to  remove  the  flask  and 
expose  the  rim  to  the  air  so  as  to  hasten  its  natural  rate  of  cooling, 
while  the  arms  and  hub  are  still  kept  muffled  up  in  the  sand  of  the 
mold  and  their  cooling  retarded  as  much  as  possible.  Or  in  the  case 
of  a  flywheel  with  an  ordinary  weight  of  rim  and  arm  but  with  a 
heavy  hub;  the  hub  may  be  exposed  and  compelled  to  cool  more 
readily  than  it  naturally  would,  while  the  arms  and  rim  are  kept 
muffled  in  sand,  and  the  synchronous  cooling  above  referred  to  is  at 
least  approximated  to  a  greater  extent  than  if  all  parts  were  allowed 
to  cool  naturally. 

11  It  is  often  thought  that  large  fillets  are  fine  features  of  design 
in  work  of  this  sort,  but  many  times  they  are  highly  detrimental  to 
good  results.  Where  two  walls  meet  and  intersect,  as  in  the  shape  of 
a  r,  if  a  large  fillet  is  swept  at  the  juncture,  there  will  be  a  pool  of 
liquid  metal  at  this  point  which  will  remain  liquid  for  a  longer  time 
than  either  wall  because  of  its  lessened  facilities  for  quick  cooling,  and 
this  pool  of  liquid  metal  is  bound  to  act  as  a  feeder,  supplying  metal 
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for  other  parts,  lower  in  the  mold,  that  may  shrink  sooner,  the  result 
being,  in  practically  every  case,  a  void,  or  "draw,"  at  the  juncture 
point,  bad  enough  in  any  case,  but  made  worse  by  the  presence  of  the 
large  fillet.  Of  course  there  may  be  trouble  from  such  intersections 
where  no  fillets  at  all  are  used,  but  the  fillets  should  be  kept  small 
with  the  idea  of  allowing  both  walls  and  juncture  to  remain  as  nearly 
uniform  in  thickness  as  possible,  and  to  have  as  nearly  as  may  be 
the  same  capability  for  simultaneous  shrinkage  and  solidification. 

12  Among  other  classes  of  difficult  castings  I  would  place  jacketed 
cyUnders  in  the  list  of  castings  requiring  careful  consideration  in 
design.  In  considering  the  case  of  a  gas  engine  cylinder  which  is  to 
be  jacketed,  the  inner  wall  which  resists  the  strain  of  explosion  must 
be  quite  thick  in  order  to  afford  the  requisite  strength  against  explo- 
sion pressures  of  ordinary  nature  and  also  against  abnormal  pressures 
due  to  pre-ignition  and  other  causes.  A  cylinder  of  this  sort,  whose 
internal  diameter  might  be  40  inches,  could  well  have  a  thickness  of 
cylinder  wall  amounting  to  3  inches  or  more.  The  outer  wall  forming 
the  jacket  has  only  to  stand  the  ordinary  pressure  of  the  cooling 
water,  which  might  be  quite  low,  often  not  exceeding  60  to  80  pounds 
per  square  inch,  even  where  water  is  used  direct  from  the  city  mains, 
and  an  outer  jacket  wall  1  inch  thick  might,  on  ordinary  engineering 
assumptions,  be  regarded  as  ample  to  care  for  this  pressure. 

13  If  the  cylinder  wall  and  the  jacket  wall  are  continuous,  that  is 
to  say,  if  each  extends  rigidly  from  one  end  of  the  cylinder  to  the 
other,  there  is  likely  to  be  trouble  when  such  a  cylinder  is  cast  or 
cooled,  and  even  if  it  does  not  break  at  the  start  it  is  quite  Ukely  to 
break  in  service  later  because  of  the  fact  that  a  wall  of  metal  1  inch 
thick  located  out  near  the  sides  of  the  flask  which  acts  as  a  cooling 
medium,  will  not  shrink  in  time  with  the  inner  wall  whose  thickness  is 
three  times  as  great  and  whose  opportunity  for  radiation  is  quite 
inferior.  It  is  reasonable  to  expect  that  the  outer  wall  will  cool 
first;  will  take  on  its  final  dimensions  while  the  inner  wall  is  still  very 
hot;  at  a  later  period  the  inner  wall  will  shrink  to  normal  temperature 
and  will  find  that  its  desire  to  contract  is  restricted  by  the  com- 
pressive strength  of  the  outer  jacket  wall,  and  the  effect  is  a  high 
degree  of  tension  in  the  working  cylinder  wall.  In  such  a  case  one 
good  feature  of  design  is  to  interrupt  the  jacket  wall  so  that  the  inner 
or  working  wall  may  have  its  own  way  and  "be  unhampered  in  con- 
tracting; afterward  it  is  closed  up  and  rendered  water  tight  by  suitable 
mechanical  means. 

14  In  such  a  case  as  that  just  cited,  if  the  jacket  wall  must  be  cast 
continuous  with  the  cylinder  wall,  it  should  not  be  designed  solely  in 
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connection  with  its  own  theoretical  stresses,  but  should  be  thickened 
up  and  made  to  ajiproximate  the  working-  cylinder  wall,  so  that  it 
may  cool  down  and  contract  more  nearly  sinndtaneously  with  the 
same,  thus  relieving  the  casting  of  stresses  produced  l)y  asynchronous 
cooling.  Such  outer  walls,  and  all  such  attachments  to  a  large  cast- 
ing, as  bosses,  pads,  and  the  like,  should  be  designed  not  alone  out  of 
consideration  to  the  working  strains  which  will  be  applied  to  such 
bosses  or  pads,  but  the  tendency  of  the  iron  to  chill  at  such  spots 
must  be  considered,  and  often  the  pads  or  the  bosses  require  to  be 
made  several  times  as  large  as  mere  reasons  of  strength  would  dictate, 
to  avoid  a  hardening  and  whitening  of  the  iron  in  thin  sections  that 
would  prevent  its  being  machined  to  required  dimensions. 

15  After  the  foundryman  has  accepted  the  design  and  begun  the 
work  he  may  have  several  things  to  do  in  order  to  produce  a  reUable 
casting.  If  it  is  a  cored  casting  he  must  guard  against  the  cores  being 
so  strong  that  when  confined  within  the  contracting  casting  they  will 
produce  rupture  of  the  metal.  Among  the  usual  means  employed 
for  producing  a  collapsible  condition  of  core  may  be  mentioned  the 
use  of  saw-dust  or  coke  or  ashes,  or  a  combination  of  them  all,  some  of 
which  ingredients  will  burn  out  as  the  casting  cools  and  provide 
thereby  for  a  collapse  of  the  core.  In  other  cases  removable  pieces, 
collapsible  core  arbors,  straw  wrapped  core  arbors  and  the  like,  tend 
to  prevent  castings  from  cracking  because  of  an  unyielding  core. 

16  In  order  to  serve  engineering  purposes,  castings  should  be  not 
only  apparently  sound  but  really  so.  For  this  purpose  risers  and 
sink  heads  should  often  be  employed  on  iron  castings  where  they  are 
not  at  present  used.  Steel  foundry  conditions  compel  such  precau- 
tions to  insure  soundness,  but  in  large  iron  foundry  work  interior 
cavities  may  exist  without  detection,  and  some  of  these  may  be 
avoided  by  the  use  of  suitable  feeding  devices,  risers  and  sink  heads. 
If  risers  are  not  employed,  the  upper  or  cope  side  of  the  casting  is 
likely  not  to  be  solid,  because  of  the  metal  in  the  upper  portions 
flowing  or  bleeding  away  from  the  interior  of  these  sections  to  feed 
the  shrinkage  and  the  contraction  in  the  lower  portions  of  the  casting. 
Gravitation  is  at  work  here  as  elsewhere,  and  as  the  sections  of  the 
casting  that  are  lowest  cool  and  pass  from  the  liquid  to  the  solid 
state,  the  diminished  volume  of  the  solidified  iron  produces  demands 
for  fresh  liquid  metal  from  above  to  fill  the  voids,  so  that  the  upper 
portion  of  the  casting  is  in  such  cases  sacrificed  for  the  benefit  of  the 
lower  part.  The  top  surface  of  such  a  casting  may  apparently  be 
solid,  but  if  drilled  deeply,  as  for  stud  bolts  or  other  purposes,  it  is 
likely  that  cavities  and  extreme  openness  of  grain  will  be  disclosed. 
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In  some  such  cases  good  can  be  accomplished  by  the  use  of  local 
chills  placed  under  the  top  flange,  if  a  cylinder  for  instance  which 
chills  will  set  the  metal  in  the  flange  before  it  has  time  to  feed  out  of 
this  region  into  any  lower  portion  of  the  casting. 

17  If  specifications  do  not  call  for  sink  heads  or  risers,  they  may 
not  be  applied  in  the  foundry,  if  the  foundry  has  no  interest  in  the 
design,  and  the  resulting  casting  may  be  quite  otherwise  than  as  the 
engineering  department  had  anticipated.  The  making  and  the  cut- 
ting off  of  the  sink  head  costs  the  foundryman  heavily,  and  he  may 
not  be  willing  to  spend  the  extra  cost  involved  in  the  sink  head 
method,  and  he  may  really  not  know  whether  the  requirements  are 
severe  or  otherwise. 

18  In  some  large  castings  intrinsic  strength  per  unit  section  may 
not  be  a  serious  requirement.  The  amount  of  metal  provided  for 
reasons  of  mass,  or  for  other  reasons,  being  so  ample  that  the  working 
strains  per  unit  section  are  low  and  are  easily  complied  with.  In 
other  cases  the  engineering  design  may  require  high  quality  of  material 
because  high  working  strains  per  unit  section  are  to  be  imposed  upon 
the  finished  casting.  In  such  cases  engineering  attention  should  be 
paid  to  the  size  of  the  test  specimen  which  is  to  furnish  an  index  of 
quality,  and  to  the  relation  which  exists  between  the  strength  of  cast 
iron  when  cast  into  light  test  pieces  and  that  of  the  same  metal  when 
cast  into  heavy  sections. 

19  The  writer  has  taken  specimens  from  an  iron  casting  having 
at  one  point  in  the  casting  tensile  strength  as  high  as  30  250  pounds 
per  square  inch,  and  as  low  as  20  502  per  square  incli  in  another  and 
heavier  section.  The  difference  in  this  was  wholly  related  to  the 
thickness  of  the  section  and  to  the  rate  or  speed  of  cooling,  with  its 
consequent  effect  upon  the  grain,  and  upon  the  strength  of  the  iron 
of  which  the  casting  was  composed.  It  might  be  said  that  large 
sections  cannot  be  cast  to  yield  the  high  strength  that  is  sometimes 
associated  in  engineering  minds  with  specimen  test  pieces  cast  in 
smaller  sections  of  prevaihng  sizes. 

20  It  is  well  that  the  foundryman  be  acquainted  to  some  extent 
with  the  engineering  purposes  for  which  these  castings  are  intended. 
This  knowledge  will  enable  him  to  pay  particular  attention  to  such 
points  or  parts  of  the  casting  as  are  specially  critical  and  to  such  as 
are  to  be  machine  finished.  He  can  usually  arrange  to  place  his 
chaplets,  anchors  and  core  vents  so  as  to  keep  them  clear  of  the 
working  or  sliding  machined  surfaces,  and  he  can  then  better  provide 
for  producing  a  casting  which  is  a  clean  one  at  these  critical  points. 
The  molder,  if  left  to  himself,  may  and  probably  will,  put  chaplets 
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and  anchors  directly  in  the  path  of  a  machined  sUde,  unless  someone 
who  knows  better  sees  him  and  prevents  it.  Sometimes  this  kind  of 
information  would  seem  to  be  obvious,  but  often  it  is  not  so,  and  a 
hollow  cylindrical  casting  with  flanges  on  each  end,  might,  for  all  the 
molder  knows,  be  a  pipe  having  no  special  requirements,  whereas  it 
was  intended  to  be  a  cylinder,  which  must  be  bored,  faced  and 
generally  machined,  and  must  be  perfectly  free  from  defects,  and  a 
casting  in  which  chaplets  and  anchors  are  utterly  inadmissible. 

21  Certain  points  or  spots  on  a  large  casting  may  require  to  be 
drilled  and  tapped  and  may  demand  a  high  quality  at  that  spot.  A 
suitably  located  chill  will  insure  soundness  and  solidity  here  if  the 


FIG.  1     CRANK  ILLUSTRATION 


foundryman  knows  what  is  demanded;  if  he  does  not  know,  the 
casting  is  made,  looks  good  to  him,  is  shipped  out,  and  when  machined 
is  found  to  be  hollow,  cavitated  or  spongy  at  the  critical  spot. 

22  In  ordinary  cases,  designs  for  castings  should  be  such  that  it 
will  not  be  necessary  for  the  foundryman  to  pay  particular  and  extra- 
ordinary attention  to  special  or  heat  treatment,  because  in  the  press 
of  other  matters,  such  treatment  may  occasionally  be  forgotten  and 
omitted,  or  it  may  be  imperfectly  done  by  inexperienced  men.  A 
casting  is  best  designed  if  it  can  be  uncovered  promptly  after  pouring, 
Hfted  out  of  its  bed  and  deposited  on  the  floor  of  the  chipping  shop. 
This  is  what  is  done  with  95  per  cent  of  the  output  of  the  average 
foundry,  and  it  is  what  the  workmen  are  accustomed  to.  Special 
cases  soon  become  irksome  and  someone  will  perhaps  assume  the 
responsibility  of  saying:  "This  special  treatment  is  all  foolishness 
and  the  casting  is  just  as  good  without  it."  There  are,  however, 
cases  in  which  it  is  necessary  to  design  castings  that  do  demand  this 
special  treatment. 

23  Fig.  1  is  a  sketch  of  a  peculiar  crank  disc  which  was  made 
in  an  iron  foundry  under  the  author's  management  some  five  or  six 
years  ago. 
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24  The  first  casting  was  poured  in  the  usual  and  ordinary  manner, 
and  after  a  decent  delay  in  the  flask  was  uncovered  and  removed  to 
the  chipping  shop.  It  lay  on  the  floor  of  the  latter  department  for  a 
day  or  two  after  cleaning;  it  was  then  shipped  to  the  machine  shop, 
which  is  located  al)out  twelve  miles  away.  When  the  casting  arrived 
at  the  machine  shop  it  was  found  that  it  had  been  so  stressed  by 
internal  strains  that  a  large  piece  had  not  only  broken  away  from  the 
balance  of  the  casting,  but  it  had  jumped  clear  off  the  railway  car  on 
which  it  was  being  conveyed,  and  the  missing  piece  was  found  by  a 
track  walker  alongside  of  the  railway  track  a  few  hours  after  its  loss 
was  reported.  The  line  of  breakage  is  indicated  on  the  sketch,  and 
the  missing  piece  weighed  perhaps  1^  to  2  tons.  This  case  w-as 
studied  carefully;  the  heavier  interior  member,  being  the  last  of  the 
casting  to  cool,  had  set  up  the  violent  internal  strains  which  caused 
the  casting  to  rupture. 

25  We  arranged  the  next  casting  so  that  a  few  minutes  after 
pouring  had  been  done,  a  small  stream  of  water  in  a  regulated  quan- 
tity was  caused  to  drop  into  the  hollow  cores  A  and  B,  as  shown  on 
the  sketch,  compelling  the  hubs  surrounding  these  cores  to  cool  in 
advance  of  their  natural  time,  and  at  least  approximate  synchronous 
cooUng  with  the  balance  of  the  casting.  The  other  portions  of  the 
casting  during  this  period  were  kept  muffled  up  in  the  sand  and  their 
cooling  was  delayed,  while  the  cooling  of  the  crank  hubs  was  accel- 
erated. After  this  method  was  adopted,  twelve  such  castings  were 
made,  all  good,  and  they  have  been  in  service  for  some  years. 

COOLING    TREATMENT    FOR    SPECIAL    CASES 

26  The  writer  had  to  produce  a  number  of  large  cylinder  heads 
for  Corhss  engines,  these  heads  having  ports  for  steam  and  exhaust 
valves  formed  in  the  heads.  Structurally  considered,  these  heads 
were  like  a  cyhndrical  steam  drum  of  large  diameter  but  of  very 
short  length,  having  a  flat  head  at  each  end,  and  were  required  to 
stand  internal  pressure. 

27  Considering  the  resistance  to  internal  pressure,  the  cylindrical 
shell  or  outer  wall  could  be  designed  quite  thin  as  the  strains  in  it 
were  all  tensile  strains,  while  the  heads,  being  flat  and  of  great  area, 
were  subject  to  bending  strains  which  demanded  that  these  be 
greatly  thickened  up  to  make  the  flat  surfaces,  not  easily  stayed  or 
braced  together,  strong  enough  to  carry  safely  the  pressure.  In 
addition  to  this  greater  thickness  of  flat  head,  allowance  had  to  be 
made  for  a  machine  finish  on  the  flat  surface,  which  was  not  required 
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by  the  shell,  and  the  disparity  thus  became  still  greater.  The  port 
openings  for  the  admission  and  exhaust  of  steam  made  large  holes 
in  this  head  or  flat  plate,  which  were  to  be  tied  across  ports  by  bars 
or  ribs.  In  cooling  by  natural  processes  these  bars  almost  invariably 
cracked  in  the  casting,  because  the  cylindrical  shell  being  thin,  cooled 
first,  and  was  assisted  in  doing  so  by  its  position  which  was  very 
close  to  the  sides  of  the  flask,  where  radiation  was  active.  The  flat 
head,  on  the  contrary,  was  at  the  bottom  of  the  flask,  where  radiation 
was  poorer,  and  it  was  practically  twice  as  thick  as  the  rim,  and  cooled 
more  than  twice  as  slowly.  With  these  divergent  tendencies  in  the 
casting  trouble  ensued.  The  rim  cooled  early  and  took  on  its  final 
dimensions  and  in  the  form  of  a  circle  opposed  to  compression — the 
strongest  possible  shape.  The  head,  or  plate,  or  diaphragm,  cooling 
later,  had  its  contraction  tendency  resisted  by  the  stiff  rim  and  a 
struggle  was  set  up.  The  tension  member  was  of  course  the  weaker 
and  the  large  openings  in  the  latter  made  the  result  a  foregone  con- 
clusion— the  diaphragm  simply  had  to  shrink  or  be  stretched,  the 
rim  would  not  give — the  ribs  broke. 

28  We  cured  this  trouble  by  the  following  means:  In  the  drag 
portion  of  the  mold  we  placed  a  spiral  coil  of  iron  pipe  through  which 
we  could  circulate  cooling  water.  This  coil  was  placed  as  close  to  the 
face  of  the  pattern  as  was  considered  safe,  about  1^  inches  away. 
The  inner  cores  by  which  the  head  was  hollowed  out  were  also  pro- 
vided with  similar  interior  cooling  coils  and  the  cope  had  a  coil  like 
that  of  the  drag.  After  the  casting  was  poured  we  waited  for  a  few 
minutes  to  enable  solidification  to  begin,  and  then  we  turned  water 
into  these  cooling  coils,  and  connecting  the  overflow  to  sewer  con- 
nection, let  the  water  run  all  night.  The  casting  lay  in  the  mold,  the 
rim  kept  muffled  in  sand  to  delay  cooUng,  while  the  coils  close  to  the 
heads  accelerated  cooling.  The  result  was  most  satisfactory  and 
the  castings  produced  by  this  process  have  stood  the  severest  tests  of 
several  years  continuous  duty  without  failure.  Heads  of  similar 
design  made  by  other  foundries  cracked  systematically,  sometimes 
while  the  casting  was  still  in  the  foundry,  sometimes  in  the  machine 
shop,  but  quite  frequently  not  until  after  the  engines  were  put  into 
operation.  In  all  cases  the  stress  was  there  and  the  only  question 
was,  when  it  would  cause  breakage.     See  Fig.  2. 

SHAPES 

29  It  might  seem  almost  unnecessary  to  say  that  shapes  of 
sections,  flanges  and  other  projections,  should  be  so  designed  that  the 
molder  may  most  easily  produce  the  desired  shape  without  having 
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to  use  complicated  means.  If  the  designer  or  draftsman  were  a  man 
who  had  a  Uttle  practical  experience  in  foundry  work  he  would  see 
numerous  opportunities  for  making  shapes  that  would  "draw" 
easily,  rather  than  certain  other  shapes  that  look  well  on  paper  but 
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FIG.  2     CYLINDER  HEAD 

are  much  harder  to  produce.  Of  course  the  foundryman  can  produce 
almost  any  conceivable  shape  if  he  has  to,  but  engineering  design  is 
at  its  best  when  its  shapes  are  at  once  suitable  for  the  intended  pur- 
pose and  easily  and  cheaply  produced.  On  work  of  considerable  size 
a  little  more  time  required  to  deal  with  a  detail  may  prevent  doing 
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any  pouring  today,  with  a  strong  probability  that  the  molder  can 
make  that  job  last  him  "until  tomorrow  night."  The  designer 
should  try  to  put  himself  in  the  molder's  place  and  imagine  himself 
making  the  mold  in  question.  Then  he  will  see  what  a  small  differ- 
ence in  design  sometimes  causes  a  big  difference  in  cost  and  risk.  An 
instance  of  this  is  Fig.  3  and  represents  a  prospective  nozzle  with  a 
flange  for  steam  or  water  connection. 


■~" 

'•  -i ■ ' . i '^ -''-.'. C'yl  ,'v *-  / " ' v^  -' V ^ " •  *i- . \'''- P- -S^ I •-:■;. •  ■- i' 

['■■  '^.Z:'.''-  '^'-r  ,:.v  .0,;'  :'r.v>l''*-''^" '•;.'-/;"'" -'•"/..'?> 

' ' ' ' ' '  *"  '^ ~    -■  '-.'\  •' ' ' ,] 

•   -     .  t     i    ^.    ^  ,    \  .\    %  !•  •    -  \  s  . 

:'  '••::[(i- 1'.^'::^^^^^ 

^^^^:\*.'.  y.'- '':;..  i  {7:' 

■-•'-■    '1  ],  '  -^-  v^^^^ 

^^>^^s. ' ' '- '•  '»'.';•■• 

•  '/  »    r  /    -  ~y^r    ■ 

^V^- ''  •' '" ""    ■' ■■'^' 

'  '  •"'"•.      -'/Cx^ 

^^^.  -■,■■■»"', 

''•'}---'''^ 

^--"■■•^■'■":.' 

'M'M 

W:^^^;- 

■-/.■;  \ 

l'-->- 

...-•,-  s  — 

\  ,■  ;.--'.>. 

"• '  */'•  ^ 

N  '  =     •  ■•■,< 

'-  ^  »'*  '"^  '•  ^ 

V^  '*-'''"  '*■*  '-^^ 

<•'   ■'  ■   "    ViM 

Kl' "*    ^'  •  '  '*» 

<  '  • .  ,  VA 

/v  i*"  '■     '''  "^  " 

'•  "  ^'  '^- VA 

/y  "'•  '  '•  '  • 

•'  ~  r"  •>  ^'^VA 

A/- 2-  •  .'   ■/'• 

'•"--'-.  '  ^  '■■  v^ 

jS^'  .!»"'■-'• 

.'     *        *    * '  .       - '    v^'^V 

Jr^r     \  ^  *     .  .    -  ' 

V  i.'>.v:" ".  ".^^^s. 

>^>< -';':'--  .'.\ 

•-  .    <• .  .  ■*  ,"  • '  '.^%vy. 

.y^^^  ^  •*•■■''■' 

',\  -'-•■''•  -  •'■  -'^^^^ 

/^^^^''  .     "  J  '<  -  •'  '  '  * 

;  '        •'•.""""  "■'•  -  '.^^^^ 

\ 

c 

VT;-  ,-.".- ;' .  .•  -T.-';,; 

,;-  '-':.'••''."•' r ' ' .■'•  •'•'[',' •^ 

^ 

■; •/.-■■•',"!-.*•*•."  /.\'".-" '•  ' 

^ 

S  ;■}::::>' li-::  7'.: '}jV 

v',{*\:-%.\':.\':f^ 

s 

S^M.^■^^^'-'v•>. 

.    .     .          ■    *  .          • .   .  •     '  ■   .    r    ■ 

'  * .-  .'•  -..».•,.'".     *"  ■•  ."'/.     .    •-' 

'  '     ^    *          »•-'       *.      *»*,■.'..•**'•'"•'. ..^'j.'*''       **           '         '^ 

■/'»-•"  "v.  *"*'  -'  'J  ;■•""'  '•':   •'.  ■^. '-'••'■''.'  .'■--;  '  "'"'',•-•■'■•. 

\\ ,'. v-:"-^'- •  '';."..•.■'••":••■■  ':.■  ■:■  •  ,'•' '^ •."'•"•";- .' •' ";'.'  -J--'  •'•• '.' •"  > 

\f : :-:?v:^: :■: ^. r -.. :\. :^-L.. ::.:-:_.:. -J... y:;,,r:;  ■■: 

_ 

FIG.   3 

30  If  the  flange  in  Fig.  3  is  at  the  bottom  of  a  complicated  casting 
it  will  require  the  flange  pattern  to  be  cut  into  removable  sections 
or  a  troublesome  embedded  core  is  required.  If  practicable  to  design 
as  in  Fig.  4,  the  neck  draws  naturally  and  the  main  core  forms  the 
flange.  This  sort  of  change  may  not  always  be  possible,  as  certain 
designs  will  demand  loose  bolts,  while  Fig.  4  would  call  for  stud  bolts, 
but  there  are  cases  in  which  the  foundry's  troubles  can  be  reduced  in 
this  manner. 
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31  It  is  not  supposed  that  the  foregoing  is  in  any  sense  exhaustive, 
and  it  is  presented  with  the  idea  chiefly  of  calUng  more  attention  than 
is  usually  given  to  the  relation  which  exists  between  good  design  and 
good  foundry  practice,  and  to  some  of  the  physical  phenomena  con- 
nected with  the  manufacture  of  large  and  compUcated  shapes  in  iron 
castings. 
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FIG.  4 


32  Breakages  are  sometimes  difficult  to  account  for,  and  the 
designer  may  think  the  fault  is  with  the  quality  of  the  iron  which  has 
nothing  at  all  to  do  with  the  trouble,  and  when  the  shape  and  design 
are  the  true  cause.  The  "physics  of  the  foundry"  were  not  properly 
understood  when  the  design  was  made. 

33  If  this  paper  can  have  the  effect  of  making  the  designers  of 
cast  iron  structures  very  carefull}^  consider  the  foundry's  physical 
problems  it  will  have  accompUshed  the  purpose  of  its  author. 
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DISCUSSION 

Mr.  a.  B.  Cakhart  I  want  to  ask  the  effect  of  increasing  the  size 
of  the  fillet  from  the  flange  to  the  main  body  portion  upon  the  cast- 
ings of  iron  valve-bodies  weighing  from  100  to  200  pounds.  I  find 
there  is  a  difference  of  opinion  between  the  foundrymen  and  the  pat- 
tern designers  as  to  the  desirability  of  increasing  and  enlarging  the 
fillet  to  leave  a  larger  body  of  the  metal  at  the  point  where  the  body 
gradually  tapers  off  into  the  flange.  The  foundrymen  claim,  as  in 
this  paper,  that  too  large  a  fillet  is  undesirable.  Can  anyone  confirm 
our  experience,  that  too  great  a  body  of  metal  in  that  part  induces 
a  porous  condition  which  tends  to  weaken  the  structure? 

Mr.  Edward  N.  Trump  My  experience  in  the  designing  of  many 
large  castings,  especially  rings  and  bases  of  large  apparatus,  ten  to 
thirteen  feet  in  diameter,  has  convinced  me  that  it  is  especially  im- 
portant to  keep  very  even  sections  of  metal;  that  wherever  there  is 
a  body  that  is  a  little  larger  than  the  rest  it  does  not  cool  quite  so 
fast  and  from  that  part  the  metal  is  drawn  to  the  other  parts. 

2  Recently  in  the  case  of  a  flange  some  ten  feet  in  diameter,  the 
designer  wanted  to  get  a  little  greater  distance  between  the  two  heads 
on  a  ten  foot  cross,  the  heads  being  for  tubes,  and  he  thickened  the 
metal  up  about  one  half  inch  at  the  flange  and  also  put  in  quite  a 
large  fillet.  That  seemed  to  keep  the  flange  from  cooling.  When 
the  flange  came  to  be  drilled  for  holes  around  the  outside  edge,  it 
was  found  that  every  hole  had  an  opening  in  its  center  which  com- 
municated with  the  inside.  The  consequence  was  that  they  all  had 
to  be  bushed  in  order  to  keep  them  tight.  I  know  of  the  case  of  a 
flange  where,  although  the  outside  skin  showed  no  apparent  rupture 
in  any  way,  yet  when  it  was  broken  open  it  was  found  to  have  holes 
of  this  character. 

3  We  have  found  in  other  cases  where  we  put  in  an  additional 
section  on  a  small  part  which  cooled  more  slowly  than  the  rest  that 
it  was  sure  to  give  us  trouble;  we  always  had  empty  spaces  caused  by 
the  shrinkage. 

Mr.  a.  D.  Williams  In  the  ingot  buggies  used  in  steel  mills, 
where  the  ingots  are  cast  upon  cars,  it  has  been  found  that  unless  the 
section  of  metal  was  kept  uniform  the  buggies  often  gave  out  under 
the  stripper,  the  top  of  the  buggy  being  pushed  down  on  the  axles. 
The  result  of  experiences  of  this  kind  has  been  to  modify  the  early 
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designs,  big  fillets  were  cut  out  and  the  edges  of  the  car  are  rounded 
over  to  form  the  sides,  the  thickness  being  kept  uniform  throughout. 
2  We  used  to  employ  a  great  many  gear  wheels,  and  had  a  great 
deal  of  trouble  from  shrinkage  over  the  arms  where  they  joined  the 
rim.  These  defects  were  expensive,  as  they  were  rarely  discovered 
until  the  wheel  had  been  partially  finished.  The  difficulty  was  over- 
come by  putting  a  gate  or  sinking  head  on  the  rim  at  each  arm. 
After  this  was  done  there  w^as  comparatively  little  trouble.  The 
foundrj'men  who  did  the  work  for  us  tried  a  great  many  experiments 
and  different  mixtures  of  iron  before  they  discovered  the  simple  rem- 
edy for  the  trouble. 

Mr.  H.  M.  Lane  Where  a  fillet  is  necessary  trouble  can  often  be 
avoided  by  putting  a  chill  on  the  casting  at  that  point,  so  as  to  chill 
the  larger  body  of  metal  at  the  same  time  that  the  rest  of  the  casting 
is  cooling.  The  writer  knows  of  several  cases  in  which  it  has  been 
done  successfully  in  air  compressor  work. 

2  In  reply  to  Mr.  Williams'  remark  about  putting  in  a  riser,  if 
bronze  work  is  being  dealt  with,  a  shrink  boss  will  correct  the  difficulty. 

3  There  is  a  very  marked  difference  between  cast  iron  and  most 
of  the  alloys.  The  alloys  set  in  a  mold  with  a  flexible  skin,  and  that 
skin  bends  or  yields  as  shrinkage  takes  place.  The  writer  split  some 
shrink  bosses  recently  to  see  if  there  w-ere  any  blowholes,  cavities 
or  pockets  inside.  None  whatever  were  found,  but  the  bosses  showed 
great  deformation  on  the  outside.  This  will  occur  in  bronze  and 
in  a  great  many  of  the  copper  alloys,  but  in  cast  iron  or  steel, 
the  skin  is  not  flexible  to  the  same  extent,  although  it  is  more  so  in 
steel  than  in  cast  iron.  It  sets  at  once  and  takes  its  permanent  form; 
then  the  shrinkage  is  not  toward  the  core,  but  toward  the  skin,  and 
instead  of  the  hollow  occurring  on  the  outside,  as  in  bronze  castings, 
it  occurs  on  the  inside  as  a  shrink  hole.  Any  substance,  as  gas,  ex- 
panding on  the  inside,  causes  a  blowhole  and  will  necessarily  have  a 
smooth  surface;  but  if  the  hole  is  caused  by  shrinkage  it  will  have  an 
angular  rough  surface.  There  is  no  doubt  about  w^hat  causes  these 
holes.  If  the  hole  is  caused  by  dirt  being  in  the  casting,  the  dirt  is 
there  when  the  casting  is  broken  open. 

4  A  flywheel  explosion,  a  few  years  ago,  wrecked  an  entire  build- 
ing, and  the  writer  took  pains  to  obtain  the  piece  of  the  wheel  which 
had  caused  the  most  damage.  The  wheel  was  provided  with  a  very 
heavy  fillet  at  the  outer  end  of  each  arm,  in  which  was  a  hole  large 
enough  to  lay  the  hand  in,  indicating  a  tremendous  shrinkage  in  the 
casting  at  that  point.     It  was  a  band  flvAvheel,  and  the  rim  of  the 
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wheel  in  the  center  was  about  four  inches  in  thickness  and  about  2^ 
inches  at  the  outside,  and  with  nearly  a  40-inch  face.  It  had  quite  a 
heavy  rib  around  the  center,  but  there  was  this  enormous  pocket 
where  the  heavy  fillets  joined.  The  arms  were  bolted  on.  Other 
flywheel  manufacturers  have  had  the  same  experience,  and  the 
flywheel  design  has  been  changed  in  a  number  of  instances  in  order 
to  omit  the  fillet. 

5  Here  is  another  case:  In  the  anthracite  coal  region  a  great  deal 
of  trouble  was  found  with  the  partition  in  the  pumps  between  the 
dead  ends;  that  is,  the  dead-end  partition  between  the  two  plungers 
that  work  toward  each  other.  That  partition  is  sometimes  14  inches 
in  diameter  and  it  must  withstand  a  pressure  of  possibly  800  pounds 
to  the  square  inch,  so  that  it  requires  a  considerable  thickness  of 
metal.  The  matter  of  clearance  is  of  no  account.  The  partition  was 
eaten  right  through  by  the  mine  water,  so  that  in  a  short  time  the 
pump  was  chugging  the  water  back  and  forth,  and  the  question  was 
I'aised  as  to  why  it  was  eaten  through.  The  writer  broke  up  some 
of  the  material  and  photographed  the  pieces.  There  were  large 
pockets  in  them.  By  breaking  a  comparatively  new  casting,  it  was 
found  that  the  heavy  fillet  and  the  extra  thick  metal  had  resulted  in 
an  open  porous  structure  through  which  the  acid  water  had  eaten  a 
passage  of  five  or  six  square  inches  of  area. 

6  The  difficulty  was  overcome  in  the  following  manner.  The 
bore  of  the  pump  cylinder  was  about  an  inch  and  a  quarter  thick.  A 
14-inch  partition  was  built  up  of  one-inch  metal,  stiffened  by 
two-inch  ribs  one  inch  thick.  By  dividing  the  strengthening  metal 
and  the  partition  into  one-inch  metal  so  that  it  cooled  quickly,  the 
heavy  fillet  was  dispensed  with  and  a  casting  was  obtained  which 
lasted  four  or  five  times  as  long. 

7  A  fillet  may  be  altogether  too  thick,  and  in  a  great  many  cases 
it  should  be  dispensed  with  almost  entirely,  the  design  of  the  fiywheel 
being  changed  in  such  a  way  as  to  get  as  uniform  metal  as  possible, 
and  the  strength  secured  by  some  other  method. 

Mr.  J.  E.  Johnson,  Jr.  The  size  of  a  fillet  is  a  matter  that  depends 
a  great  deal  upon  the  amount  of  additional  metal.  It  is  a  well  known 
fact  that  a  thick  place  in  a  casting  will  feed  the  surrounding  parts  of 
the  casting.  That  is  what  causes  shrinkages,  or  cavities.  It  makes 
a  sponge  of  metal  at  these  portions.  The  great  majority  of  construc- 
tion engineers  do  not  realize  its  importance. 

2  In  confirmation  of  Mr.  Lane's  statement  concerning  shrinkage 
cavities,  the  writer  once  had  made  a  pulley  three  feet  in  diameter. 
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having  six  arms  and  a  very  thin  rim  about  two  inches  wide.  It  was 
flanged,  and  the  flanges  being  low,  the  rim  had  been  cast  solid  and 
the  center  turned  out  to  leave  a  rim  about  one-half  an  inch  high  on 
each  side,  leaving  the  metal  in  the  rim  proper  quite  thin,  as  it  was 
desired  to  be  very  light,  and  as  a  result  one  could  see  on  the  face 
of  the  pulley  the  outline  of  the  cross-section  of  each  arm  in  a  porous 
spongy  metal  much  darker  in  shade  than  the  rest.  It  was  not  a 
serious  weakness  for  the  purpose  for  which  the  pulley  was  intended. 
It  is  still  in  service  after  several  years  use,  but  it  was  a  clear  indication 
of  the  effect  which  is  practically  always  produced  by  a  change  in 
section,  or  the  junction  of  two  sections  of  a  casting. 

3  Just  as  much  harm  can  be  done  by  doing  without  fillets  where 
they  are  needed  as  by  putting  them  in  where  they  are  not  needed. 

4  Every  one  is  probably  familiar  with  the  case  that  Whitworth 
illustrated,  years  ago,  of  a  hydraulic  cylinder  about  a  foot  in  diameter 
inside  and  with  six  inches  of  thickness  of  metal.  He  made  them  with 
square  bottoms,  and  the  bottom  simply  shot  out  as  a  conical  plug, 
running  from  the  inside  corner  to  the  outside  corner,  because  the 
crystallization  from  the  cylindrical  portion  was  at  right  angles  to  that 
portion,  and  the  crystallization  of  the  bottom  portion  was  at  right 
angles  to  that.  Where  these  two  lines  of  crystals  met  at  a  sharp 
angle  they  did  not  unite  properly,  and  while  the  metal  was  not 
separated  on  that  line  it  had  very  little  strength,  and  the  castings 
gave  way  under  pressure.  Then  others  were  made  exactly  the  same, 
but  with  the  bottom  hemispherical  inside  and  out,  making  a  con- 
tinuous change  in  the  direction  of  crystallization,  with  the  result 
that  the  trouble  was  corrected  completely. 

The  Author  Regarding  the  use  of  fillets,  I  do  not  object  to  the 
use  of  any  except  those  which  are  too  large.  It  would  be  equally  as 
bad  to  omit  a  fillet  where  it  is  required  as  to  make  it  excessively  large 
and  have  the  interior  bleed  away.  A  fillet  of  some  size  is  necessary 
at  practically  every  junction  of  two  walls  of  a  casting,  and  my  judg- 
ment is  that  a  small  fillet  is  often  far  better  than  a  big  one. 
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The  Improvement  of  Molding  Sand  by  Mechanical  Treatment 
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Non-Member 

It  is  no  exaggeration  to  say  that  foundry  practice,  in  this  country 
at  least,  has  been  revohitionized  within  the  past  twenty-five  years 
through  the  substitution  of  scientific  for  empirical  methods. 

2  The  relation  between  the  chemical  composition  and  physical 
properties  of  metallic  alloys  used  in  founding  —  thanks  to  the  pioneer 
investigations  of  Professor  Turner  and  others  —  is  now  very  generally 
known,  and  practical  apphcation  is  made  of  this  knowledge  in  all 
modern  plants. 

3  Next  in  importance  to  the  various  metals  of  which  castings  are 
made,  if  not  indeed  of  equal  importance  therewith,  must  be  classed 
the  material  of  which  the  molds  and  cores  are  composed.  Strange  to 
say,  there  is  comparatively  little  literature  dealing  with  this  impor- 
tant topic  in  a  scientific  way  and  little  is  found  in  technical  maga- 
zines and  in  the  Transactions  of  the  Engineering  Societies.  It  remains 
for  some  one  to  collate  the  facts  and  to  present  them  in  a  form  avail- 
able to  the  founder. 

4  The  writer  having  been  invited  to  contribute  a  paper  to  a  sym- 
posium upon  the  subject  of  molding  sand  and  its  treatment  will  con- 
fine his  remarks  to  the  practical  side  of  the  question  and  endeavor  to 
show  how  greatly  molding  sand,  including  core  sand,  can  be  improved 
in  its  physical  properties  by  correct  mechanical  treatment;  and  at  the 
same  time,  how  the  cost  of  preparation  of  the  sand  for  molds  and 
cores  can  be  greatly  reduced  as  compared  with  the  old  fashioned 
methods  that  are  still  in  vogue  in  many  establishments. 

Presented  at  the  New  York  Meeting  (December  1907)  of  The  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of  the  Trans- 
actions. 

^Engineer  with  Wm.  Sellers  &  Co.,  Inc.,  Philadelphia,  Pa. 
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5  In  the  effort  to  prevent  costly  "wasters"  in  the  foundry,  which 
sometimes  wipe  out  the  estimated  profit  on  some  specific  jolis,  the 
composition  and  physical  properties  of  the  different  varieties  of  mold- 
ing sand  used  in  the  foundry  of  William  Sellers  &  Co.  Incorporated, 
first  became  the  subject  of  careful  study  by  the  writer  more  than  fif- 
teen years  ago. 

6  The  selection  of  sand  suitable  for  all  purposes  in  the  foundry 
constituted  at  that  time  a  not  unimportant  part  of  the  duty  of  the 
very  competent  foundry  foreman. 

7  It  was  found  on  looking  into  the  matter  that  the  only  tests  — 
if  tests  they  could  be  called  —  which  were  then  made  of  new  sand 
were  two  in  number  and  exceedingly  crude  in  kind,  one  being  for 
"toughness,"  a  most  important,  indeed  essential  property,  the  other 
for  "porosity." 

8  The  expert's  test  for  toughness  consisted  simply  in  squeezing  a 
handful  of  the  sand  into  the  form  of  a  ball  and  then  breaking  it,  little 
or  no  attention  being  paid,  by  the  way,  to  the  degree  of  dampness  or 
the  more  or  less  heterogeneous  composition  of  the  sand .  The  porosity 
test  consisted,  in  like  manner,  in  compressing  gently  a  small  quantity 
of  the  sand  between  the  palms  of  the  hands  and  then  blowing  through 
it.  While  such  tests  may  seem  absolutely  absurd  in  their  crudity  it 
must  be  admitted  that  in  the  hands  of  an  expert  they  afford  a  fair 
degree  of  practical  knowledge  of  the  average  quality  of  the  molding 
sand. 

9  In  order  to  improve,  if  possible,  on  these  time  honored  methods 
of  testing  sand,  the  first  plan  devised  was  to  make  a  number  of  test 
bars  of  "green"  sand,  6  by  1  by  1  inches,  under  uniform  conditions  of 
pressure,  dampness,  and  quantity  of  material  used  in  forming  the 
molds.  These  little  test  bars  were  placed  upon  a  smooth  metal  plate 
with  sharp  and  square  edges.  The  bars  were  then  pushed  over  the 
edge  of  the  plate,  until  they  broke,  when  the  amount  of  the  ''over- 
hang" was  measured.  It  was  soon  found  that  there  was  a  great 
difference  in  the  length  of  the  overhang,  which  was  regarded  as  a 
quantitative  measure  of  toughness  of  the  sand ;  these  differences  were 
not  even  noticeable  by  the  crude  ball  test. 

10  Samples  taken  from  different  parts  of  a  small  heap  of  sand  that 
had  been  uniformly  dampened  or  "tempered,"  varied  greatly  in  this 
respect,  owing,  no  doubt,  to  the  irregular  distribution  of  the  alumina 
or  clay  binder,  and  the  correctness  of  this  inference  was  subsequently 
confirmed  by  simple  analytical  tests. 

11  After  a  sufficient  number  of  these  test  bars  had  been  made  and 
broken  to  prove  the  reliability  of  the  method,  further  tests  were 
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devised  to  ascertain  whether  the  usual  methods  of  riddling  and  mix- 
ing sand  for  the  molder's  use  affected  its  quality  either  by  increasing 
or  decreasing  its  toughness,  as  shown  by  the  amount  of  overhang  of 
similar  test  bars  of  green  sand.  It  was  proved  that  the  more  thor- 
oughly the  sand  was  worked  the  greater  the  overhang,  due  as  already 
stated,  to  the  more  uniform  distribution  of  the  binder. 

12  The  ideal  molding  sand  is  a  material  in  which  the  individual 
grains  of  silex,  constituting  approximately  90  per  cent  of  the  mass, 
are  completely  covered  with  an  overcoat  of  alumina  or  clay,  and  the 
more  uniform  the  grains  are  in  size  and  shape  the  better  is  the  sand 
with  respect  to  porosity  in  relation  to  the  average  size  of  the  grains. 

13  It  was  found  on  passing  a  sample  of  sand  a  number  of  times 
through  a  hand  riddle  and  making  test  bars  from  the  sample  after 
each  riddling  that  the  overhang  was  increased  measurably.  Thus,  a 
sample  of  sand  which,  after  tempering  and  mixing  by  hand  with  a 
spade,  showed  an  overhang  of  less  than  two  inches  of  the  test  bar, 
increased  to  nearly  three  inches  after  a  dozen  riddlings. 

14  It  would  not  be  practicable  to  treat  large  masses  of  sand  in  this 
manner,  even  though  a  positive  and  valuable  gain  in  the  quality  of 
the  sand  should  be  demonstrated  by  making  test  molds  from  patterns 
having  considerable  overhang  in  places,  or  in  making  fine  toothed 
gear  wheels,  etc.;  nevertheless  the  information  thus  obtained  was 
quite  valuable  and  led  to  important  practical  results,  as  will  be  seen 
presently. 

15  Another  novel  observation  was  concurrently  made,  viz.  that 
the  increase  in  toughness  and  porosity  noticed  in  these  tests  might  be 
partly  due  to  "aeration",  or  to  the  separation  of  the  grains  of  sand 
when  falling  from  the  sieve  to  the  floor.  In  order  to  discover  the 
truth  or  falsity  of  this  view,  a  quantity  of  the  sand  was  shaken  in  a 
box  with  a  closed  lid  for  several  minutes,  and  test  bars  were  made 
before  and  after  shaking,  the  correctness  of  this  theory  was  quickly 
shown,  for  the  shaking  without  sieving  proved  to  be  more  effective 
than  the  sieving'  without  shaking. 

16  Tests  for  porosity  alone  were  also  made,  but  as  these  were  not 
very  satisfactory,  owing  possibly  to  want  of  suitable  means  of  accur- 
ately controlling  and  measuring  the  amount  of  air  drawn  through  a 
mass  of  sand  compressed  in  a  tube,  these  tests  were  not  prosecuted 
to  a  conclusion. 

17  About  this  time  William  Sellers  &  Co.,  Inc.,  began  to  experi- 
ment with  a  centrifugal  machine  for  mixing  sand,  and  it  was  found 
that  the  desired  result  could  be  obtained  with  such  a  machine  nnich 
more  expeditiously  and  economically  than  by  any  treatment  with 
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riddles  or  chasers  in  a  rolling  mill,  and  at  the  same  time,  the  toughness 
and  the  porosity  were  increased  to  a  very  much  greater  degree  than 
was  possible  by  the  old  methods.  These  satisfactory  results  led  to 
further  experiments  in  this  direction  that  culminated  in  the  develop- 
ment of  a  thoroughly  practical  centrifugal  machine,  simple  in  design 
and  substantial  in  character,  which  proved  so  valuable  in  the  foundry 
that  it  was  placed  on  the  market,  and  a  large  number  are  now  in 
regular  use  in  some  of  the  largest  establishments  in  the  country  as 
well  as  in  many  smaller  foundries. 

18  The  machine  accomplishes  as  much  work  in  one  hour  by  the 
help  of  two  laborers,  in  preparing  molding  sand,  as  five  men  could 
do  in  ten  hours  by  the  old  method.  Before  proceeding  to  de- 
scribe the  machine  itself,  attention  is  called  to  the  half  tone 
illustrations  Fig.  1  and  2  shoMdng  tests  made  with  facing  sand  for 
large  and  medium  work  before  and  after  treatment  by  this  new- 
process. 

19  There  are  three  grades  of  molding  sand  in  addition  to  core  sand 
regularly  prepared  and  used  in  the  foundry  for  the  different  classes 
of  work.  They  are  classified  under  the  names  "Strong  Sand," 
"Special  Strong  Sand"  and  "Fine  Sand." 

20  The  Strong  Sand  is  used  for  the  majority  of  the  large  molds, 
such  as  planer  beds  and  uprights,  etc.,  and  for  the  principal  parts  of 
other  large  machine  tools.  Most  of  these  molds  are  skin  dried,  or 
baked  on  the  surface,  in  situ  by  means  of  a  portable  drjdng  oven  after 
having  been  "wet-blacked". 

21  The  Special  Strong  Sand  is  used  only  for  molds  for  the  heaviest 
castings,  such  as  large  anvil  blocks,  etc.,  these  molds  are  also  wet- 
blacked  and  when  baked  on  the  floor  are  almost  as  hard  as  a  stone 
or  as  hard  as  a  baked  loam  mold;  this  mixture  is  all  new  sand. 

22  The  Fine  Sand  is  used  for  all  light  castings  and  much  of  the 
"medium"  work;  these  molds  are  not  baked  and  constitute  what  are 
commonly  called  "Green  Sand  Molds". 

23  It  may  be  interesting  to  know  the  formulae  for  the  preparation 
of  the  three  grades  of  molding  sand  given  below : 

STRONG    SAND 

Strong  Lumberton  sanri (new)  =  14  parts 

Gravel (new)  =   7  parts 

Floor  sand (old)  =  6  parts 

Coal  dust =  2  parts 

SPECIAL    STRONG    SAND 

Strong  Lumberton  sand (new)  =   9    parts 

Gravel (new)  =  14    parts 

Coal  dust (new)  =  2    parts 
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FINE    SAND 

Weak  Lumberton  saml (new)  =  14    parts 

Fine  floor  sand (old)  =  4    parts 

Coal  dust =  2    parts 

24  Fig.  1  is  from  a  photograph  showing  eleven  bars,  (6  by  1  by  1 
inches)  made  from  Strong  Sand  under  uniform  conditions  of  quantity, 
temper  (dampness)  and  pressure  of  sand.  The  bar  labeled  0  was 
pressed  from  a  sample  of  the  sand  after  having  been  dampened  and 
turned  over  several  times  with  a  spade  and  only  partially  mixed; 
the  object  of  such  preUminary  mixing  is  simply  to  prevent  the  coal 
dust  from  flj'ing  out  of  the  centrifugal  machine  on  subsequent  treat- 
ment.    The  other  bars  were  made  from  the  same  pile  of  Strong  Sand 
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FIG.  1     GREEN  S.-VND  TEST  BARS  MADE  FROM  ONE  SAMPLE  OF  SAND 


after  passing  through  the  centrifugal  sand  mixing  machine  from  one 
to  ten  times.  These  bars  were  all  laid  side  by  side  upon  the  smooth 
metal  plate  (about  \  inch  thick)  resting  upon  a  table,  and  the}'  were 
slowly  pushed  over  the  edge  of  the  plate  until  they  broke. 

25  The  following  table  gives  the  measurements  of  the  overhang 
of  each  bar  as  nearly  as  the  somewhat  irregular  shape  of  the  break 
permitted. 

No.  0  Length  of  overhang  =  2\  inches 

No.  1  Length  of  overhang  =  3    inches 

No.  2  Length  of  overhang  =  3J  inches 

No.  3  Length  of  overhang  =  3§  inches 

No.  4  Length  of  overhang  =  3i  inches 

No.  5  Length  of  overhang  =  SV  inches 

No.  6  Length  of  overhang  =  3i  inches 

No.  7  Length  of  overhang  =  3f  inches 
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No.  8  Length  of  overhang  =  31  inches 
No.  9  Length  of  overhang  =  3J  inches 
No.  10  Length  of  overhang  =  3|  inches 

26  It  will  be  observed  that  the  first  treatment  increased  the  over- 
hang three  quarters  of  an  inch,  the  subsequent  treatments  increased 
the  overhang  in  some  cases  one  quarter  of  an  inch,  and  in  some  cases 
not  measurably.  The  first  treatment  was  therefore  the  most  effect- 
ive, and  for  practical  purposes,  one  treatment  is  often  sufficient  to 
insure  good  mixing  of  the  materials  and  thorough  disintegration  of  any 
lumps. 

27  It  may  be  stated  en  passant  that  the  machine  is  not  designed 
to  remove  nails,  j aggers,  or  stones.  If  the  sand  contains  such  things 
it  should  be  put  once  through  a  very  coarse  screen  to  remove  them 
before  passing  into  the  centrifugal  machine. 

28  The  strain  tending  to  break  the  sand  beam  is  increased  by  the 
additional  weight  of  the  increasing  length  of  the  overhanging  portion 
and  also  by  the  increased  moment  of  its  center  of  gravity;  it  is 
readily  seen,  therefore,  that  an  increase  in  length  of  the  overhang  of 
three  quarters  of  an  inch  on  the  first  treatment  in  the  centrifugal 
machine  means  an  increased  tenacity  of  75  per  cent;  in  like  manner 
an  increase  in  overhang  of  50  per  cent  means  an  increase  in  strength 
of  sand  of  225  per  cent. 

29  The  illustration  Fig.  2  shows  the  fractured  surfaces  of  the 
same  bars. 

30  Bar  No.  0  shows  the  heterogeneous  components  of  the  partly 
mixed  sand,  while  the  other  fractures  show  increasing  uniformity 
due  to  more  thorough  mixing  and  disintegration  of  lumps  of  gravel, 
up  to  No.  3,  after  which  no  further  increase  in  uniformity  is  observable 
to  the  eye. 

31  The  illustrations  convey  a  very  fair  impression  of  the  actual 
appearance  of  the  bars.  The  appearance  of  the  fractured  surfaces 
coincides  with  the  tests  for  overhang  and  shows  that  a  single  treat- 
ment in  this  machine  is,  in  many  cases,  sufficient,  and  two  treatments 
are  all  that  are  usually  needed  with  any  sand  mixtures. 

32  In  mixing  core  sand  containing  tiour,  the  effectiveness  of  this 
centrifugal  method  is  still  more  strikingly  evident  owing  to  the  almost 
total  disappearance  of  the  white  flour  due  to  its  thorough  commingling 
with  the  sand  and  black  coal  in  one  treatment. 

33  The  tests  here  shown  are  typical  of  many  others  of  similar 
nature  that  have  been  made,  but  to  give  a  detailed  statement  of  these 
would  extend  this  paper  beyond  the  desired  limits. 
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34  In  recent  years  there  has  been  a  remarkable  reduction  effected 
in  the  cost,  skill  required,  and  time  consumed  in  making  cores  by  the 
use  of  sharp  sand  and  oil  in  place  of  the  usual  core  sand  mixed  with 
flour  or  other  binders. 

35  The  oil  sand  cores  require  no  ramming  and   are   made    by 


FIG.  2     FRACTURED  SURFACES  OF  GREEN  SAND  TEST  BARS 

unskilled  labor;  cases  almost  without  number  might  be  cited  where 
the  actual  cost  of  cores  has  been  reduced  by  the  oil  sand  method 
from  50  to  75  per  cent  and  over,  and  better  results  obtained  in  the 
foundry,  with  fewer  wasters  caused  by  the  breaking  down  or  "blow- 
ing ' '  of  cores ;  no  venting  and  but  few  core  rods  are  needed .  Thorough 
mixing  of  the  linseed  oil  with  the  sharp  sand  is  absolutely  necessary, 
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though  rather  difficult  to  obtain  and  in  acconipU«hing  this  the  centri- 
fugal machine  is  preeminent;  in  fact,  it  would  be  impossible  without 
this  machine  to  produce  the  remarkable  results  that  are  now  daily 
recorded  with  oil  sand  cores  in  the  foundry. 

36  The  centrifugal  machine  is,  of  course,  equally  well  adapted  to 
the  thorough  mixing  of  core  sand  with  the  various  core  oils  and  core 
compounds  that  are  sold  for  making  cores. 
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FIG.  3     SECTIONAL  DRAWING  OF  CENTRIFUGAL  SAND  MIXING  MACHINE 

MOTOR  DRIVE 


37  Experience  has  shown  that  in  mixing  sharp  sand  with  oil  for 
cores,  the  centrifugal  machine  should  be  run  at  a  lower  rate  of  speed 
than  when  mixing  and  at  the  same  time  tempering  ordinary  molding 
sand.  Two  treatments  are  sufficient  to  insure  thorough  mixing  of 
sharp  sand  and  oil  for  oil  cores. 

38  In  conclusion,  it  will  suffice  to  give  a  very  brief  description  of 
the  Centrifugal  Sand  Mixing  Machine,  previously  referred  to,  two 
types  being  shown,  together  with  a  sectional  drawing. 
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39  The  Centrifugal  Sand  Mixing  Machine  consists  of  a  rapidly 
revolving  table,  having  on  its  upper  surface  a  number  of  prongs 
arranged  concentrically.  The  sand  is  fed  into  the  hopper  at  the  top 
of  the  machine,  from  which  it  falls  upon  the  revolving  table  and  is 
thrown  by  centrifugal  force  from  prong  to  prong  and  out  against  the 
inside  of  the  cover  or  hood.  It  emerges  from  beneath  the  hood  in  a 
fine  shower,  free  from  lumps  and  thoroughly  mixed. 

40  The  table,  spindle,  spindle  pulley,  and  bearings  are  enclosed 
in  the  housing  or  base  upon  which  the  machine  stands,  so  as  to  pro- 
tect effectually  these  parts  from  sand  and  dust. 
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FIG.  4     CENTRIFUGAL  SAND  MIXER,  BELT  DRIVEN 


41  A  removable  door  is  placed  at  the  front  of  the  housing  to 
afford  access  to  the  spindle  and  bearings  for  cleaning  or  lubrication. 
The  hopper  can  be  lifted  off  for  convenience  of  cleaning  the  prongs  or 
removing  stones,  nails,  etc.,  which  do  not  pass  between  them. 

42  The  high  rate  of  speed  at  which  the  table  revolves,  from  800 
to  1200  revolutions  per  minute,  causes  the  sand  to  be  tossed  with 
much  force  from  prong  to  prong,  thus  breaking  up  agglomerated 
lumps  of  gravel  or  clay,  insuring  not  only  complete  disinteeratio" 
but  a  degree  of  mixing  not  attainable  by  any  other  method.     Every 
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portion  of  sand  is  lhorouo;hly  "combed  out,"  and  analytical  tests  have 
shown  the  uniformity  of  mixture  of  heterogeneous  compounds  after 
passing  twice  through  this  little  machine. 

43     Fig.  4  shows  a  machine  arranged  to  Ix'  diivon  by  belt  over  the 


FIG.  5     CENTRIFUGAL  SAND  MIXER,  DRIVEN  BY  ENCLOSED  ELECTRIC 

MOTOR 

carrier  pulleys  at  the  back  of  the  housing  to  the  pulley  on  the  table 
spindle. 

44     Fig.  5  shows  a  machine  driven  by  an  electric  motor  enclosed 
within  the  housing  where  it  is  thoroughly  protected  from  sand,  dirt,  etc. 


DISCUSSION 

Mr.  E.  H.  Mumford  As  we  all  know,  the  mere  handling  of  molding 
sand  has  a  strange  effect  upon  it.  There  are  two  classes  of  treatment, 
which,  while  not  affecting  its  porosity,  will  vastly  increase  its  strength. 
One  is  putting  it  through  a  reciprocating  riddle,  turning  it  over  with 
a  shovel,  or  otherwise  throwing  it  about.  The  alternative  treatment 
is  rubbing  the  alumina  in  the  sand  into  the  silica. 
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2  111  one  of  the  classes  of  treatment  involving  the  use  of  the  scraper 
conveyor  there  enters  another  curious  effect.  In  the  scraper  con- 
veyor, turning  the  sand  over  always  in  one  direction,  there  is  a  tend- 
ency to  roll  the  particles  of  alumina  up  into  balls,  much  as  a  snow 
ball  is  rolled  along,  gathering  more  snow;  but  under  this  treatment  it 
has  been  common  experience  that  more  or  less  damage  is  done,  as  the 
speed  of  the  conveyor  is  greater  or  less,  the  tendency  being  to  cause  the 
alumina  to  gather  apart  from  the  rest  of  the  sand  and  the  silica  par- 
ticles to  be  wiped  clean  of  their  coating  of  alumina,  the  result  being 
that  while  you  have  all  the  constituents  of  a  good  strong  sand,  it  has 
lost  its  bond  and  is  practically  worthless  for  many  kinds  of  molding. 

3  There  is  no  question  but  that  the  Sellers  centrifugal  mixer  is 
better  than  any  other  method  of  impacting  or  turning  over  and  throw- 
ing together. 

4  The  experiments  of  Mr.  Ronceray,  which  would  doubtless  prove 
of  interest  to  members  of  the  Society,  consist  of  putting  into  an  ordi- 
nary heap  of  sand  a  certain  percentage  of  pure  white  silica  sand,  mak- 
ing the  heap  so  rotten  that  it  would  not  mold  anything,  and  then 
rolling  or  rubbing  that  mass  of  sand  on  a  plate  with  a  hand  roller. 
He  takes  six  samples  and  gives  each  two  minutes  rubbing.  After 
rubbing  thus,  the  color  of  the  first  sample  is  gray;  the  next 
sample  is  less  gray,  and,  finally,  when  you  get  to  the  sixth  sample,  it 
is  practically  the  same  color  as  the  original  heap.  Every  single  crys- 
tal of  siUca  has  been  coated  with  the  dark  alumina  of  the  foundry 
sand.  So,  after  twelve  minutes  rubbing  by  hand  with  an  iron  roller 
on  an  iron  plate,  the  last  sample  is  even  darker  and  stronger  than  the 
original  heap  from  which  it  was  taken. 

5  In  our  molding  machine  demonstration  plant  in  Philadelphia 
we  use  ordinary  heap  sand  for  our  demonstrations,  and,  as  it  never 
feels  the  heat  of  molten  iron,  it  has  been  almost  impossible  to  keep 
this  sand  weak  enough  to  be  a  fair  sample  of  molding  sand.  We  have 
to  keep  adding  silica  sand  to  it. 

Mr.  H.  M.  Lane  Mr.  Mumford  has  brought  out  a  point  in  regard 
to  rubbing  the  alumina  into  the  sharp  silica  to  make  the  sand  stronger 
which  reminds  me  of  a  recent  experience  in  a  foundry  in  Ohio. 

2  The  foundryman  was  using  a  sharp,  bank  sand,  mixed  with  a 
small  amount  that  contained  a  little  natural  bond  and  a  certain 
amount  of  core  binder — a  dry  binder  in  this  case — and  had  been 
discarding  50  per  cent  of  the  core  sand  and  using  about  15  to  20  per 
cent  of  the  natural  bond  to  make  the  mixture  strong  enough.  He 
designed  and  put  in  a  mill,  which  is  essentially  a  clay  grinding  mill, 
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and  .mimis  his  core  niatorial,  mm<i,  90  ])er  ctMit  of  the  old  core  sand. 
He  finds  that  in  the  large  cores  the  binder  in  the  interior  of  the 
cores  has  not  been  so  badly  burned  out  but  that  it  still  retains  a  great 
deal  of  bonding  quality,  so  that  he  now  uses  only  half  of  the  binder. 
He  has  thrown  out  all  of  the  expensive  imported  sand  and  uses  the 
local  bank  sand.  He  formerly  had  a  power  riddle  and  four  men 
working  all  day  to  supply  his  foundry  with  core  sand.  Today  he  has 
a  night  force  to  haul  the  sand  out,  as  formerly,  but  he  has  two  men 
working  less  than  half  a  day  to  supply  the  entire  foundry  with  core 
sand.  He  formerly  had  to  wheel  the  burnt  core  sand  some  450  feet 
away  from  the  foundry  and  dump  it  over  the  bank.  Now  he  wheels 
it  through  a  partition  into  the  next  room. 

3  Counting  the  saving  in  time  and  labor  and  the  saving  in  using 
a  cheaper  grade  of  sand,  he  figures  that  he  has  made  over  $2000  a 
year.     In  other  words,  he  will  pay  for  his  mill  in  eight  or  ten  months. 

4  The  foundry  referred  to  is  that  of  the  Falls  River  and  Machine 
Company,  at  Cuj^ahoga  Falls,  Ohio,  and  the  mill  was  designed  by 
Geo.  H.  Wads  worth. 

5  In  regard  to  the  Worthington  practice  of  grinding  the  bond  in 
thoroughly,  they  found  that  they  got  the  bond  on  the  corners  of  the 
sand,  if  I  may  so  express  it,  thus  giving  a  very  porous  core,  while  if 
they  mixed  it  by  hand  they  got  a  much  denser  core.  In  other  words, 
the  venting  of  pockets  and  chambers  gives  less  trouble  than  formerly 
because  less  compound  was  used  and  the  pores  were  not  being  stopped 
up.  They  have  been  able  to  cast  a  great  many  very  thin  jackets  in 
this  way  without  any  trouble  at  all  even  though  vent  passages  were 
cut. 

Mr.  E.  H.  Mumford  At  a  large  foundry  making  steam  pumps  all 
the  sand  used  in  the  smallest  port  cores  is  run  through  a  mill,  and 
with  very  good  result.  Nothing  but  raw  hnseed  oil  is  used  as  a  binder. 
The  ratio  of  sand  to  binder  is  from  60  to  90  to  1.  This  very  large 
ratio  of  sand  to  binder  is  entirely  due  to  the  rubl)ing  in  of  the  liinder 
upon  the  small  crystals  of  silica. 
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In  view  of  the  progress  that  has  been  made  in  other  mechanical 
lines,  it  is  remarkable  that  the  foundry  of  today  remains  much  as  it 
was  in  the  past.  Since  it  plays  a  most  important  part  in  the  indus- 
trial economy  of  all  metal  manufacturing  plants,  either  directly  or 
indirectly,  it  merits  better  treatment  than  it  has  received. 

2  Some  years  ago  the  chemists  turned  their  attention  to  the 
foundry  and  the  results  are  seen  in  the  replacement  of  empirical  by 
scientific  methods  of  mixing  and  melting  and  in  the  heat  treatment 
of  castings.  The  concrete  results  of  their  experiments  are  apparent  in 
a  reduction  of  the  percentage  of  castings  lost  and  the  production  of 
castings  better  suited  to  the  purpose  for  which  they  were  made. 

3  The  mechanical  end  of  the  foundry  offers  an  interesting  field 
for  the  engineer,  not  only  in  the  designing  of  the  castings,  but  in  the 
invention  of  ways  and  means  suited  to  their  production.  To  a 
degree  this  work  has  been  started,  but  has  been  confined  to  the  pro- 
duction of  molding  machines  and  appliances,  and  the  greatest  prog- 
ress has-  been  made  in  those  foundries  which  are  devoted  entirely 
to  special  lines  of  work,  in  which  large  quantities  of  castings  of  the 
same  or  similar  characteristics  are  turned  out.  In  the  foundry  whose 
output  comprises  a  large  variety  of  castings  ranging  from  bench 
work  to  heavy  housings  and  bed  plates,  the  methods  in  use  today 
differ  but  slightly  from  those  of  twenty  years  ago,  the  improved 
facilities  consisting  mainly  in  the  provision  of  a  better  crane  service 
for  handling  the  work. 

4  The  principal  reason  why  power  is  not  used  to  a  larger  degree 
in  foundry  worK  arises  from  the  fact  that  few  foundries  are  so  designed 

Presented  at  the  New  York  Moisting  (December  1907)  of  The  American 
Society  of  Mechanical  Engineers  and  forming  i)art  of  Vohnne  29  of  the  Transac- 
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that  the  means  at  hand  can  be  used  to  the  greatest  advantage. 
Machine  molding  is  hmited  in  its  applicability  to  castings  which  can 
be  turned  out  in  sufficient  quantities  to  justify  fitting  up  for  them. 
Power  can  be  used  for  nearly  all  classes  of  green  sand  work,  and  once 
the  proper  fixtures  for  its  use  are  available  it  will  be  found  of  service 
in  many  ways.  The  foundry  crane  of  today  is  a  vast  improve- 
ment over  that  used  in  the  past,  but  in  the  matter  of  improved 
crane  service,  not  only  the  foundry  but  the  machine  shop  as  well, 
suffer  a  diminished  output  per  square  foot  of  floor  area.  Molding 
machines,  cranes,  chipping  chisels,  grinders,  the  blower  and  the 
cupola  elevator  are  the  usual  Umit  of  power  service  in  the  foundry. 
A  few  columns,  roof  trusses  and  siding,  a  crane  with  its  runway,  pos- 
sibly a  few^  jib  cranes,  a  cupola  with  its  charging  platform,  elevator 
and  blower,  some  core  ovens  and  a  little  industrial  track  are  dumped 
down  in  a  vacant  lot  and  called  a  foundry.  A  rough  neck  carpenter 
knocks  a  few  flasks  together  and  sand  is  spread  on  the  floor;  just  as 
soon  as  some  pig  iron,  limestone  and  coke,  etc.,  are  delivered  the 
plant  is  in  running  order.  The  machine  shop  is  usually  very  care- 
fully designed. 

5  The  crane  service  of  a  foundry  is  its  vital  point.  There  must 
be  crane  capacity  to  handle  the  heaviest  piece  to  be  made,  but  at 
the  same  time  it  is  necessary  to  bear  in  mind  the  fact  that  there  are 
a  number  of  medium  and  a  greater  number  of  light  pieces,  to  be 
turned  out  for  each  heavy  casting.  A  single  crane  can  serve  only  one 
floor  at  a  time;  the  others  must  wait,  in  fact  two  or  three  floors  are 
often  waiting  on  the  crane  and  must  take  their  turns  after  the  crane 
has  finished  handling  a  load  of  less  than  one-sixtieth  of  its  capac- 
ity. This  scene  is  not  uncommon  in  the  foundry,  and  that  they  were 
"waiting  for  the  crane"  is  often  the  excuse  for  molds  left  over  for 
the  next  heat. 

6  The  bridge  traveUng  crane  is  a  most  useful  machine  but  it 
cannot  be  in  two  places  at  the  same  time  and  as  yet  no  successful 
method  has  been  devised  by  which  two  of  them  can  pass  each  other 
either  on  the  same  or  on  different  levels,  in  fact  the  use  of  bridge 
traveling  cranes  on  two  levels  only  adds  to  the  expense  and  does  not 
supply  any  advantages  over  those  cases  where  all  of  the  bridge 
cranes  are  on  the  same  level.  The  jib  crane  is  limited  in  usefulness 
as  it  cannot  serve  floors  outside  of  its  radius,  but  a  number  of  light 
column  jib  cranes,  arranged  so  that  the}^  can  be  set  up  and  trans- 
ported from  place  to  place  as  needed,  are  very  serviceable.  This 
can  be  accomplished  by  placing  permanent  pintle  bearings  on  a 
number  of  the  columns  and  by  designing  the  jib  cranes  so  that  they 
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can  be  handled  from  point  to  point.  The  traveUng  wall  crane  affords 
the  most  satisfactory  method  of  increasing  the  crane  service  without 
interfering  with  the  bridge  travelers  above,  and  the  column  jib 
cranes  below  its  level. 

7  The  electric  motor  offers  the  most  satisfactory  method  of 
operating  hoisting  machinery.  This  arises  from  the  convenience 
with  which  electricity  can  be  delivered  to  these  machines  by  means 
of  sliding  contacts.  A  further  advantage  lies  in  the  close  control 
of  the  movement  which  is  essential  to  the  gentle  handling  and  accu- 
rate placing  on  the  molding  floor;  another  distinct  advantage  of  the 
electric  hoist  is  its  ability  to  hold  the  load  stationary  for  an  indefinite 
time. 

8  High  hoisting  speeds  are  undesirable,  in  fact  the  tendency  is 
to  get  the  hoisting  speeds  too  fast  in  most  shop  cranes,  high  speeds 
being  of  service  only  in  the  handling  of  bulk  materials  and  package 
freight.  In  the  foundry  a  speed  of  ten  feet  per  minute  with  full  load 
is  ample  for  heavy  work  and  speeds  exceeding  twenty  feet  per  minute 
are  sufficient  for  the  lighter  hoists.  Positive  and  uniform  motion 
is  necessary  in  handling  copes  and  the  sudden  start  of  the  ordinary 
air  hoist  spoils  a  great  many  molds.  This  sudden  start  occasionally 
occurs  with  electrically  operated  hoists  having  an  improperly  designed 
controller. 

9  One  of  the  important  advantages  of  the  electrical  distribution 
of  energy  lies  in  the  fact  that  only  the  exact  amount  of  energy  is 
transmitted  and  there  are  no  stand-by  leakage  losses  to  cause  expense. 
The  occasional  grounds  which  appear  on  the  circuits  can  be  taken 
care  of  readily  and  if  the  best  modern  methods  of  wiring  are  used, 
very  little  trouble  is  likely  to  occur  from  this  cause.  A  good  quality 
of  insulated  wire,  run  in  some  form  of  metal  conduit,  should  be 
used;  wooden  molding  should  be  avoided.  The  marine  type  of 
receptacles  are  most  satisfactory  for  foundry  service  as  the  water- 
tight cover  supplied  with  them  is  equally  efficient  in  keeping  out 
dust  and  dirt.  These  receptacles  should  be  installed  liberally  as  it 
is  a  great  convenience  to  be  able  to  get  power  just  where  it  is  wanted. 

10  Another  point  of  no  small  value  is  the  kind  of  flexible  con- 
nections supplied.  These  are  often  simply  of  lamp  cord  and  are  more 
or  less  of  a  nuisance,  particularly  when  they  get  on  the  floor,  where 
they  are  liable  to  be  cut  by  a  shovel,  etc.  Flexible  metal  tubing 
makes  a  first  class  protection  for  such  connections,  particularly  for 
those  which  have  to  carry  several  horse  power.  Connections  of  this 
size  will  be  required  where  portable  tools  are  used. 

11  There  are  a  number  of  good  makes  of  electric  motors  on  the 
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market  and  some  that  are  not  so  good.  A  first  class  standard  motor 
is  desirable,  and  in  equipping  a  plant  it  is  better  to  have  all  of  the 
motors  of  one  make,  particularly  those  of  the  same  size.  A  little 
attention  to  this  point  will  greatly  reduce  the  amount  of  money  it  is 
necessary  to  invest  in  spare  parts.  By  a  standard  motor  is  meant 
one  which  has  been  made  on  manufacturing  lines  in  large  numbers. 
In  addition  to  these  there  are  a  number  of  concerns  building  special 
motors  more  or  less  suited  to  their  special  requirements.  The 
designers  of  such  motors  are  handicapped  by  the  fact  that  they  are  not 
able  to  avail  themselves  of  the  experience  gained  in  the  manufacture 
of  a  large  and  varied  line.  The  street  railway  type  of  motor  frame, 
or  one  which  is  split  on  an  angle,  having  two  poles  or  one  pole  in 
each  portion  of  the  frame  is  the  most  desirable,  owing  to  the  facility 
with  which  it  can  be  opened  up  in  cramped  places  for  changing  arma- 
tures or  for  other  repairs.  These  motors  are  of  the  enclosed  type  and 
have  been  developed  to  work  under  conditions  which  would  dis- 
courage the  ordinary  machine.  The  manufacturers  of  these  motors 
often  style  them  as  "  very  rugged"  which  is  an  insult  to  the  workman- 
ship and  designing  ability  which  has  developed  these  desirable  types 
of  machines.  Another  feature  of  such  motors  is  the  method  of 
lubrication,  in  which  the  car  box  journal  has  been  studied  and 
improved.  Lubrication  is  often  neglected  by  careless  operatives  and 
while  any  machine  is  better  for  a  little  attention,  these  motors  will 
stand  up  under  poor  conditions. 

12  Molding  machines  are  generally  operated  by  compressed  air, 
but  hydraulic  power  is  used  with  some  machines.  Compressed  air 
is  elastic  and  this  is  a  disadvantage  for  many  operations,  as  any  alter- 
ation in  the  load  causes  a  corresponding  change  in  the  position  of  the 
actuating  plunger  or  piston.  Some  compressed  air  hoists  have  been 
designed  with  a  governor  device  that  regulates  their  speed  of  action, 
but  it  is  impossible  to  avoid  the  troubles  due  to  the  elasticity  of  the 
air.  Another  disadvantage  of  compressed  air  machines  is  the 
large  size  of  the  hose  connection  required,  w^hich  is  more  troublesome 
to  care  for  than  the  smaller  flexible  connection  to  an  electric  motor. 
Compressed  air  however  is  very  useful  in  cleaning  out  pockets  in  molds 
and  for  power  ramming  machines;  for  the  latter  it  presents  the  only 
successful  driving  power.  These  machines  are  not  as  widely  used 
as  they  might  be,  and  where  it  is  desirable  to  avoid  the  long  air  hose 
connection,  a  portable  motor  driven  air  compressor  can  be  used. 
The  bellows  and  torch,  for  blowing  out  and  skin  drying  the  sand,  can 
be  avoided,  the  former  by  using  the  air  hose  with  special  nozzles,  the 
latter  by  arranging  some  sort  of  a  heating  device  close  to  the   air 
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hose  nozzle.     An  electric  heating  device  might  be  serviceal^le  for  tliis 
purpose. . 

13  As  generally  installed,  with  a  central  compressing  plant,  the 
use  of  compressed  air  requires  an  expensive  transmission  line  and  in 
addition,  it  is  impossible  to  avoid  leakage  in  the  joints.  Compressed 
air  leakage  does  not  show,  and  the  pipe  lines  for  this  purpose,  as 
usually  constructed,  are  designed  to  remain  tight  only  long  enough 
to  pass  the  acceptance  test.  Leakage  is  a  continuous  drain  on  the 
system,  and  shows  up  in  the  amount  of  coal  consumed.  Except  in 
the  large  sizes,  air  compressors  are  steam  eaters  like  steam  pumps; 
for  this  reason  the  small  electric  driven  air  compressor  presents 
numerous  advantages,  as  it  consumes  no  power  when  out  of  use  and, 
if  portable,  avoids  the  long  pipe  line.  The  disadvantages  of  long 
air  lines  are  well  illustrated  by  the  fact  that  in  some  of  the  big  exca- 
vating contracts  it  has  been  found  very  advantageous  to  install  a 
steam  driven  electric  generating  station  at  a  point  where  fuel  was 
available  from  a  railroad  siding,  and  transmit  electric  power  to  the 
compressor  station  located  on  the  work,  thus  avoiding  the  losses  of 
a  long  pipe  line  or  fuel  haulage. 

14  Hydraulic  power  is  but  rarely  used  in  the  foundry.  It  has 
advantages  for  some  lines  of  work.  Water  being  non-elastic,  com- 
paratively speaking,  it  supplies  a  positive  pressure,  and  while  the 
hydraulic  machine  can  be  stalled,  it  is  impossible  to  break  it  by 
legitimate  methods,  when  it  is  properly  designed.  The  pressures, 
carried  in  hydraulic  systems  range  around  500  and  1000  pounds  per 
square  inch;  where  higher  pressures  are  required  in  certain  machines, 
they  are  obtained  by  the  use  of  intensifiers.  The  most  serious  disad- 
vantage of  hydraulic  service  systems  occurs  only  where  swinging 
joints  are  required  to  convey  the  pressure  and  waste  water  to  and 
from  moving  machines,  as  cranes,  etc.  In  the  machines  themselves 
the  glands  are  like  all  other  glands,  troublesome  to  maintain,  and  are 
often  pulled  up  so  tightly  that  they  greatly  reduce  the  efficiency. 
The  controlling  valves  also  give  a  certain  amount  of  trouble.  The 
most  of  the  trouble  with  hydraulic  systems  arises  from  the  use  of 
dirty,  gritty  water.  An  illustration  of  the  advantages  of  using  a 
clean  fluid  occurs  in  the  hydraulic  wheel  presses  in  which  the  same 
fluid  is  used  over  and  over  again.  These  machines  cause  very  little 
trouble  from  leaky  glands.  High  pressure  hydraulic  systems  are 
however  expensive  to  install,  and  it  is  extremely  probable  that  the 
best  method  of  utihzing  hydraulic  power  will  be  to  use  an  electrically 
driven  pressure  pump  with  its  accumulator  installed  close  to  the 
floor  upon  which  hydrauhc  molding  machines  are  to  be  used.     This 
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would  reduce  the  required  amount  of  pressure  and  waste  line  to  a 
minimum.  Necessarily  this  small  hydraulic  plant  could  not  be 
placed  in  the  foundry  itself  but  a  small  pump  room  would  be  a  requisite. 

15  Steam  power  was  at  one  time  the  only  motive  force  available 
and  was  either  transmitted  to  those  places  in  the  foundry  where  it 
was  required  by  means  of  belts  and  shafts,  or  small  engines  were  used, 
driving  the  different  machines  by  belts.  In  some  cases  small  gas 
or  other  explosion  motors  are  used  in  a  manner  similar  to  the  early 
steam  motors.  Owing  to  the  fact  that  small  engines  are  not  econom- 
ical and  have  several  other  disadvantages  which  are  familiar  to  all 
who  are  posted  on  foundry  operating  conditions,  they  are  not  con- 
sidered as  desirable  as  other  kinds  of  motors.  The  steam  hydraulic 
crane  and  elevator,  both  of  w^hich  operate  on  the  same  principle  are 
two  of  the  most  satisfactor}^  machines  devised  for  foundry  service, 
because  they  are  very  simple  and  for  that  reason  it  is  practically 
impossible  for  the  most  careless  operator  to  damage  them,  except  by 
the  most  studied  neglect.  One  of  the  bad  features  of  any  trans- 
mission system  which  deals  with  moist  elements  such  as  water,  steam 
and  sometimes  compressed  air,  exists  in  their  liability  to  damage  in 
cold  weather  by  freezing.  This  danger  has  to  be  very  carefully 
guarded  against  in  temperate  and  cold  climates,  during  the  night 
and  on  all  occasions  when  work  is  interrupted.  To  guard  against 
this  trouble  some  form  of  heat  insulation  is  required. 

16  As  to  which  is  the  best  power  to  adopt,  depends  in  a  large 
degree  upon  the  local  conditions  affecting  the  plant,  and  by  studying 
such  conditions  much  better  results  can  be  attained  than  are  pos- 
sible by  offhand  decisions.  A  harmonious  installation  works  more 
smoothly  than  a  miscellaneous  assortment  and,  in  addition,  the 
design  should  take  into  account  the  future  growth  as  a  possibility, 
this  matter  being  often  left  out  and  resulting  in  endless  complications 
when  extensions  have  to  be  made.  Because  the  largest  part  of 
foundry  power  requirements  are  intermittent,  it  is  extremely  probable 
that  electrical  methods  offer  the  most  economical  solution  of  the 
question,  but  against  this  the  question  of  maintenance  is  often  of 
more  importance  than  the  economy  of  operating  expenses  due  to 
cheaper  power. 

17  The  class  of  labor  employed  in  many  foundry  operations  is 
not  possessed  of  any  amount  of  mechanical  skill  or  electrical  knowl- 
edge, and  for  this  reason  it  is  advisable  that  the  motive  power  portion 
of  the  equipment  be  as  nearly  "fool-proof"  as  possible  and  of  the 
simplest  possible  construction  in  order  that  it  may  not  be  damaged 
by  misdirected  zeal.     The  use  of   electrical  power  necessitates  the 
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emplo5'ment  of  one  or  more  men  to  look  after  the  motors,  depending 
upon  the  number  used,  or  else  a  considerable  portion  of  the  minor 
repairs  must  be  made  by  outside  help.  Where  the  foundry  is 
operated  in  conjunction  with  a  machine  shop,  the  matter  of  mainte- 
nance becomes  more  simple.  With  steam,  compressed  air  or  hydrau- 
hc  machinery,  the  question  of  maintenance  is  not  of  such  a  compli- 
cated character  as  with  electrical  machinery,  owing  to  the  fact  that 
it  is  much  easier  to  get  men  who  have  some  primary  ideas  and  break 
them  in  to  the  small  repairs  required  to  keep  the  machines  in  operat- 
ing condition.  And  with  the  exception  of  the  most  extraordinary 
break  downs,  such  machinery  can  be  restored  to  working  order  by  the 
use  of  the  facilities  ordinarily  available  in  the  vicinity  of  a  foundry. 
This  however  is  not  always  the  case  in  regard  to  electrical  machinery, 
though  since  the  uses  of  electrical  machinery  are  extending  so  rapidly, 
a  time  will  be  reached  when  the  question  of  repairs  will  be  as  simple 
as  it  is  with  other  types  of  motors. 

DISCUSSION 

Mr.  Frank  Richards  Mr.  Williams'  interesting  paper  challenges 
remark  in  one  particular.  He  says:  "With  a  central  compressing 
plant,  as  generally  installed,  the  use  of  compressed  air  requires  an 
expensive  transmission  line,  and,  in  addition,  it  is  impossible  to 
avoid  leakage  in  the  joints." 

2  For  line  piping  for  compressed  air  transmission,  precisely  the 
same  pipes  and  fittings  are  used  as  for  steam  or  water,  and  it  is  no 
more  difficult  to  make  joints  tight,  and  to  keep  them  tight,  for  air 
than  for  steam  or  water.  In  fact  it  is  much  easier  to  keep  air  pipes 
tight  than  steam  pipes,  as  the  same  heating  and  cooling,  with  their 
accompanying  expansion  and  contraction  stresses,  do  not  occur. 

3  It  might  be  well  for  Mr.  Williams  to  go  to  the  Pennsyl- 
vania Terminal  excavation  about  West  Thirty-third  Street.  He 
will  find  there  considerable  lengths  of  compressed  air  pipes  running 
all  around  the  excavation,  with  branches  reaching  in  various  direc- 
tions to  hoists,  pumps  and  rock  drills;  and  if  he  can  find  any  leaks 
there,  he  will  do  what  the  writer  has  not  been  able  to  do. 

4  At  the  Phillipsburg  shops  of  the  IngersoU-Rand  Company  all 
the  power  transmission  is  by  either  electricity  or  compressed  air. 
There  are  some  miles  of  compressed  air  pipes,  and  various  air  oper- 
ated devices  are  employed  both  in  the  foundry  and  elsewhere, 
and  the  pressure  left  in  the  pipes  at  night  is  found  in  them  next 
morning:. 
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5  The  quarry  of  the  Cleveland  Stone  Company  at  North  Amherst^ 
Ohio,  has  nine  or  ten  miles  of  compressed  air  pipes,  all  the  machinery 
of  that  extensive  quarry  being  air  driven,  and  there  the  piping  is 
"bottle  tight." 

6  Mr.  Williams  states  further  that  "  compressed  air  pipe  lines,  as 
usually  constructed,  are  designed  to  remain  tight  only  long  enough 
to  pass  the  acceptance  test."  The  compressed  air  business,  just 
like  the  other  estabhshed  lines  of  manufacture  represented  by  hun- 
dreds of  members  of  this  Society,  has  grown  and  has  prospered,  not  by 
the  passing  of  acceptance  tests,  but  by  all-the-year-round  efficiency 
and  reliability  after  acceptance. 

7  In  this  connection  it  seems  to  be  permissible,  if  not  imperative, 
to  call  attention  to  a  record  of  compressed  air  practice  which  is  unique. 
For  supplying  the  compressed  air  by  whose  agency  the  various  tunnel 
enterprises  of  Greater  New  York  have  been  carried  so  nearly  to  com- 
pletion, there  have  been  installed,  all  of  them  being  still  in  place, 
eighty  air  compressors.  The  combined  free  air  capacities  of  these  com- 
pressors amount  to  190  000  cubic  feet  per  minute,  which  volume 
would  be  represented  by  a  cube  with  a  side  of  57  feet.  They  develop 
an  aggregate  of  40  000  horse  power. 

8  These  compressors,  as  they  were  erected,  were  almost  imme- 
diately put  to  work,  and  if  there  was  any  acceptance  test  in  any  case, 
the  ceremony  was  generally  omitted.  The  compressors  have  worked 
constantly,  most  of  them  day  and  night,  and  always  some  on  Sun- 
days, at  speeds  never  before  recorded,  and  with  Hfe  and  death  depend- 
ent upon  their  maintenance  of  the  working  pressures;  conditions  of 
unusual  difficulty  and  many  of  them  unforeseen  and  unprovided  for 
have  developed;  there  have  been  accidents  and  delays  innumerable 
in  the  progress  of  the  work;  all  these  we  have  heard  of,  but  not  one 
word  of  any  shortcomings  of  these  compressors. 

9  The  work  of  building  these  tunnels,  as  is  well  known,  was  done 
under  the  direction  and  approval  of  some  of  the  world's  most  experi- 
enced and  responsible  engineers  and  by  several  dififerent  contracting 
companies,  but  every  one  of  these  eighty  compressors  was  built  by 
the  same  manufacturing  company.  The  acceptance  test  may  be 
said  to  have  been  in  the  completion  of  the  entire  task,  and  its  trium- 
phant accomplishment  is  in  sight. 

10  Again,  we  are  told  that  "except  in  the  large  sizes,  air  compres- 
sors are  steam  eaters  like  steam  i3umps."  The  steam  driven  air 
compressor  of  any  size  is  normally  a  stationary  steam  engine  with 
its  power  applied  directly  to  the  work  of  compression;  and  for  steam 
consumption  and  power  development  it  is  always  comparable  upon 
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cqiKil  terms  with  tlio  ordinary  stationary  engine  of  the  same  type. 
It  may  liave  a  pUiin  shde  valve  with  siutal)le  lap,  it  may  have  an 
adjustable  cut  off, or  it  may  be  a  completely  automatic  engine  with 
Corliss  or  equivalent  valve  gear;  and  we  may  in  every  case  expect 
the  same  economy  in  the  compressor  as  in  the  stationary  engine. 
The  ordinary  steam  pump  of  any  size  has  clearances  large  and  uncer- 
tain, but  certainly  large,  and  it  uses  the  steam  entirely  without  expan- 
sion; so  that  the  pressure  at  the  end  of  the  stroke  is  as  high  as  the 
highest.     Its  piston  speed  is  slow;  it  is  comparable  only  with  itself. 

Mr.  E.  H.  Mumford  I  think  that  no  one  will  accuse  me  of  favor- 
ing hydraulic  power  rather  than  compressed  air;  I  have  too  many 
compressed  air  molding  machines  in  stock  that  I  would  like  to  sell; 
but  the  undoubted  fact  is  that  a  leak  in  a  compressed  air  system  is 
very  subtle,  hard  to  detect,  and  generally  neglected,  often  becoming 
serious.  I  presume  many  of  you  have  had  experience  with  feeding 
oil  to  the  air  end  of  an  overloaded  compressor.  It  is  astonishing  how 
it  increases  the  delivery  of  leaky  valves.  If  someone  would  originate 
a  dry  air  valve  for  compressors  that  would  work  satisfactorily  with- 
out leakage,  the  efficiency  of  a  compressor  plant  would  be  very  much 
increased. 

2  I  am  not  condemning  compressed  air  nor  air  compressors. 
They  are  absolutely  essential  in  a  great  deal  of  our  work,  perhaps  in 
the  majority  of  it. 

Mr.  Ronceray^  I  desire  to  say  a  few  words  in  favor  of  water  pres- 
sure. I  have  had  experience  with  it,  especially  in  connection  with 
molding  machines,  and  I  have  also  had  experience  with  compressed 
air  in  the  pneumatic  tool  business. 

2  I  do  not  agree  that  it  is  more  difficult  to  keep  a  water  line  tight 
than  it  is  to  keep  a  compressed  air  line  tight.  Indeed,  I  think  the 
difficulty  that  might  happen  is  that  in  many  cases  the  air  line  has  to 
be  made  very  big  in  size  as  compared  with  what  is  really  necessary 
in  a  well  designed  system  of  hydraulic  pressure.  We  very  seldom  use 
a  pipe  line  larger  than  half  an  inch  in  diameter,  even  for  large  molding 
machines,  and  under  these  conditions  we  have  never  found  any 
trouble  in  keeping  a  water  line  tight. 

3  The  practice  that  we  have  followed  in  Europe  in  molding 
machines  is  to  use  copper  pipes,  which  are  easily  bent  to  suit  condi- 
tions, instead  of  iron  pipes  with  all  their  numerous  joints  and  elbows. 

'  With  the  Universal  System  of  Machine  Molding,  Philadelphia,  Pa. 
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The  joints  are  tlierefore  much  less  in  number  Ihun  in  an  iron  pipe  air 
Hne.  I  have  never  found  an}'  difficuhy  in  keeping  a  half-inch  copper 
pipe  line  tight. 

4  Another  point :  there  is  no  reason  why  a  valve,  in  hydraulic  ser- 
vice, cannot  be  designeil  so  as  to  be  tight.  We  have  a  valve,  designed 
for  water,  which  gives  entire  satisfaction.  It  is  impossible  to  keep  a 
metallic  seated  valve  tight.  The  only  way  to  keep  a  valve  tight  is  to 
use  leather  packing;  the  trouble  in  hydraulic  valves  having  leather 
packings  is  generally  that  the  leather  is  scratched  in  passing  the  ports; 
the  valve  we  have  designed  is  similar  to  apoppet  valve  with  a  leather 
seat,  and  in  our  practice,  when  we  use  good  leather  packing  we  never 
have  a  leak. 

5  It  is  very  easy  to  make  this  experiment.  If  you  have  a  reservoir 
in  which  your  compressed  air  is  stored  and  leave  it  charged  at  night, 
the  following  morning  you  are  pretty  sure  to  find  the  pressure  down; 
while  it  is  quite  common,  with  a  h3'draulic  accumulator  left  at  a 
certain  level  at  night,  to  find  it  at  the  same  level  the  following 
morning. 

Mr.  J.  E.  Johnson,  Jr.  The  writer  wishes  to  confirm  what  was 
said  about  the  ease  of  keeping  air  lines  in  order.  At  the  plant  of  the 
Princess  Furnace  Company,  Glen  Wilton,  Virginia,  there  is  an  air 
line  five  inches  in  diameter  and  8000  feet  long.  No  trouble  whatever 
has  been  experienced  and  it  has  been  in  operation  for  over  a  year. 
Long  sleeve  couplings  and  expansion  joints  were  put  in  at  intervals 
to  take  care  of  changes  in  temperature. 

2  The  old  theory  that  air  is  harder  to  hokl  than  steam  is  a  tech- 
nical untruth  that  has  been  circulated  long  enough.  If  steam  starts 
to  leak,  it  will  eat  almost  like  an  acid,  and  can  never  be  made  tight. 
Whereas  with  air  it  is  only  necessary  to  tighten  the  joint  that  is 
leaking.  The  constant  working  from  expansion  and  contraction 
caused  by  variation  in  temperature  with  steam  makes  it  much  more 
difficult  to  keep  tight.  This  is  aside  from  any  consideration  of  con- 
densation losses. 

3  The  statement  in  Mr.  Williams'  paper  that  it  has  been  found 
profitable  to  put  in  an  electric  transmission  in  big  excavation  work 
the  writer  does  not  believe  will  be  borne  out  by  practical  experience. 
Running  through  the  calculation  in  this  very  case  shows  that  the 
cost  of  electrical  transmission,  outside  of  the  engine,  would  be  about 
$12  500,  while  the  cost  of  the  pipe  line  was  only  S1500.  Counted 
roughly,  the  cost  of  the  compressor  would  be  about  the  same  as  that 
of  the  power  engine,  for  the  reason  that  the  compressor  required  in  the 
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steam  cylinder  about  160  horse  power;  and  to  deliver  the  same  amount 
of  air  at  the  same  point  with  the  electrical  apparatus  would  require 
250  horse  power,  giving  a  net  efficiency  of  87  per  cent,  against  only 
about  56  per  cent.  Furthermore,  the  initial  cost  was  three  or  four 
times  as  much  for  electricity. 

4  The  proposition  to  transmit  by  electricity  and  then  transform 
the  energy  into  compressed  air  will  not  work  on  a  conmiercial  scale 
for  distances  short  of  five  miles. 

Mr.  S.  D.  Sleeth^  In  the  Westinghouse  Air -Brake  Company's  foun- 
dries both  air  and  water  are  used.  Water  is  used  on  certain  machines 
at  a  high  pressure  (1300  pounds),  which  permits  the  use  of  a  very  small 
cylinder.  If  air  were  used  on  these  machines  it  would  require  a 
much  larger  cylinder.  Leaks  can  be  discovered  in  a  water  line  where 
they  would  not  be  noticed  in  an  air  line.  It  is  much  easier  to  keep 
an  air  line  tight  than  to  keep  a  water  line  tight,  for  there  is  not  the 
pressure  and  the  expansion  and  contraction  in  cold  weather. 

2  The  principal  reason  for  using  water  in  these  foundries  is  on 
account  of  its  small  volume  and  positive  action. 

Mr.  H.  M.  Lane  The  locomotive  crane  has.not  been  given  sufficient 
attention  in  the  foundry.  There  have  been  a  great  many  attempts 
to  get  some  system  for  taking  the  flasks  in  and  out  of  a  foundry  to  and 
from  the  flask  storage.  The  writer  is  of  the  opinion  that  all  light 
flasks  should  be  stored  under  shelter.  Of  course  large  flasks  and 
heavy  rigging  can  frequently  be  stored  in  the  open  to  advantage. 

2  In  many  cases  the  traveling  crane  runway  is  extended  through 
the  end  of  the  foundry  so  as  to  cover  a  portion  of  the  yard.  This  is 
impracticable  in  this  Northern  climate,  where  serious  effects  upon  the 
health  of  the  craneman  may  result  from  running  out  over  the  yard 
in  zero  weather  with  insufficient  protection  from  the  cold.  In  case 
of  resulting  illness  the  substitution  of  a  new  man  necessarily  retards 
the  work,  which  is  expensive. 

3  Then,  too,  whenever  the  crane  runs  out  through  the  end  of  the 
foundry,  practically  the  entire  end  of  the  building  has  to  be  removed, 
and  particularl}'  the  upper  part  where  there  is  the  hottest  air.  As  a 
consequence,  the  heat  all  goes  out  and  the  zero  weather  comes  in. 
The  next  effect  is  that  the  men  all  leave  their  work  and  congregate 
around  the  salamanders,  so  that  the  expense  of  running  the  crane 

'  Non-member,  superintendent  of  foundries, Westinghouse  Air  Brake  Company, 
Wilmerding,  Pa. 
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throuirh  the  end  of  the  foimdry  ina3'l)e  very  great.  In  fact,  it  may 
^■i^tually  resuU  in  the  stopping  of  practically  all  work  for  several 
hours  on  tlays  when  the  end  of  the  building  is  open  a  great  deal. 

4  To  overcome  this  difficult}^,  several  foundries  have  run  a  track 
down  through  the  middle  of  the  building.  The  locomotive  crane 
then  enters  the  building  through  a  comparatively  low  door,  without 
letting  all  of  the  hot  air  out. 

5  This  crane  can  bring  carloads  of  flasks  and  distribute  them 
along  the  fioor  wherever  they  are  wanted.  The  long  boom  of  the 
locomotive  crane  will  frequentl}^  be  convenient  as  an  auxiliary  crane 
on  special  work.  In  fact,  it  is  serviceable  both  indoors  and  out, 
enabling  the  foundry  management  to  accomplish  vastly  more  than 
could  be  done  without  its  service. 

6  When  a  locomotive  crane  goes  out  of  doors  flasks  can  be  piled 
just  as  far  as  the  boom  will  reach.  When  the  yard  is  full,  space  can 
be  rented  somewhere  near.  When  the  locomotive  crane  service  is 
installed  there  is  no  expense  for  overhead  runways,  as  in  the  case  of 
traveling  cranes,  the  only  outlay  is  for  railroad  track,  which  may 
also  be  used  for  shifting  cars. 

7  In  a  mining  enterprise,  in  which  the  writer  engaged  some  years 
ago,  it  was  necessary  to  deal  with  various  kinds  and  t3^es  of  pipe 
lines,  2000  or  more  feet  long.  Among  other  diflficulties,  there  were 
those  due  to  expansion  and  contraction,  insulation,  and  hidden  joints. 
In  one  mine  there  were  about  30  or  40  miles  of  air  pipe  lines  running 
from  central  stations.  Air  was  carried  over  mountains  to  another 
mine,  and  on  that  line,  which  was  several  miles  long,  air  was  some- 
times left  on  the  line  over  a  holiday  and  at  the  end  of  48  hours  the 
pressure  had  not  fallen  over  ten  pounds. 

8  No  difficulty  was  found  in  keeping  those  long  lines  practically 
tight  with  compressed  air,  with  a  variation  of  temperature  of  from 
50  degrees  below  zero  in  winter  to  110  degrees  in  summer.  Therefore 
there  should  be  no  difficulty  in  keeping  the  air  mains  tight  in  a 
fomidry. 

9  What  Mr.  Ronceray  sa3^s  about  the  hydraulic  lines  is  true.  In 
the  course  of  investigations  a  few  years  ago,  of  installations  of  hydrau- 
lic power  in  a  large  number  of  steel  works,  the  writer  was  surprised 
at  the  tightness  of  their  lines,  due  perhaps  to  the  small  diameter  of 
the  pipes  and  the  care  with  which  the  joints  were  made. 

The  Author  Mr.  Richards  has  called  my  attention  to  the  fact 
that  main  compressed  air  fines  can  be  made  tight  and  kept  tight;  but 
there  are  many  cases  where  they  are  not  kept  tight.     A  large  leakage 
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occurs  in  nearly  every  compressed  air  system  in  the  connections  made 
to  the  various  driven  machines,  particularly  when  these  connections 
are  of  a  temporary  nature.  Undoubtedly  leakage  in  a  compressed 
air  Hne  and  in  all  of  the  machine  connections  can  be  practically  pre- 
vented, but  it  is  very  rarely  done. 

2  I  should  have  quaUfied  my  statement  that  "compressed  air 
lines,  as  usually  constructed,  are  designed  to  remain  tight  only  long 
enough  to  pass  the  acceptance  test."  I  did  not  have  the  kind  of 
acceptance  test  in  mind  which  is  usually  associated  with  this  expres- 
sion, but  the  rough  and  ready  test  made  in  the  field  by  the  pipe  fitter, 
or  the  erecting  man.  Such  tests  are  much  more  frequent  than  those 
of  a  purely  scientific  nature. 

3  Mr.  Richards  and  I  evidently  have  different  ideas  as  to  what 
constitutes  a  small  compressor.  Compressors  deaUng  with  less  than 
60  to  70  cu.  ft.  of  free  air  per  minute  do  not  have  CorUss  valve  gears. 

4  In  the  class  of  service  to  which  Mr.  Richards  has  alluded,  sub- 
aqueous tunnel  work,  reUability  in  a  compressor  carries  far  greater 
weight  than  steam  or  power  economy.  A  saving  of  five  to  ten  pounds 
per  hour  in  steam  consumption  during  several  years  would  not  make 
up  for  the  damage  resulting  from  one  enforced  shut  down  of  the  air 
compressor  lasting  any  considerable  time. 

5  Mr.  Mumford's  remarks  I  agree  with,  in  all  particulars.  Mr. 
Ronceray's  remarks  are  interesting  and  his  observations  have  been 
confirmed  in  my  own  experience. 

6  In  regard  to  the  relative  economy  of  compressed  air  or  electric 
transmission:  Mr.  Johnson  doubts  the  economy  of  such  trans- 
missions for  less  than  five  miles.  In  this  the  individual  case  has  so 
much  to  do  with  the  cost  of  construction  that  it  would  be  easy  to 
assume  conditions  or  to  find  conditions  where  electric  transmission 
would  be  the  more  economical,  or  the  reverse.  Aside  from  economy 
of  operation  and  construction  there  are  many  cases  in  which  a  small 
electric  driven  air  compressor,  merely  by  its  convenience  and  the 
ease  with  which  it  can  be  carted  around  and  operated,  would  be  far 
ahead  of  the  pipe  Une  system  of  getting  the  air  to  the  work. 

7  Mr.  Lane  has  spoken  of  the  locomotive  crane.  This  machine 
should  be  better  known  in  the  foundry,  and  as  it  can  be  utilized  as  a 
shifting  engine  in  addition  to  the  numerous  ways  Mr.  Lane  has  sug- 
gested, it  merits  some  attention.  The  locomotive  crane  renders  the 
foundry  man  independent  of  the  delays  of  railroad  switching  service 
around  his  own  plant.  My  reply  to  Mr.  Richards  covers  the  points 
in  regard  to  compressed  air  lines  mentioned  by  Mr.  Lane. 
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A  FOUNDRY  FOR  BENCH  WORK 

A  Description  of  the  New  Foundry  of  the  Michigan  Stove 

Company 

By  W.  J.  KEEP  and  E\IMET  DWYER,'  DETROIT,  MICH. 
Member  and  Non-Member,  respectively 

On  January  8,  1907,  nearly  the  entire  works  of  the  Michigan  Stove 
Company  were  destroyed  by  fire.  Reconstruction  was  begun  at 
once  and  by  July  1  of  the  same  year,  the  new  plant  was  entirely 
completed,  having  been  built  on  modern  lines,  substituting  alter- 
nating electric  current  and  individual  motors  for  belts,  shafting 
and  rope  drives. 

2  On  account  of  poor  light,  and  lack  of  good  ventilation  on  hot 
days,  it  was  difficult  to  get  molders  to  work  in  the  old  foundry.  The 
new  works,  although  surrounded  by  high  buildings,  are  comfortably 
cool  on  the  hottest  days,  and  the  temperature  does  not  rise  much 
during  pouring.  Fifteen  minutes  after  the  heat  is  off,  the  foundry 
is  clear. 

3  Before  deciding  on  plans  for  the  new  works  the  writers  visited 
several  foundries,  and  found  that  of  the  American  Stove  Company 
at  Bedford,  Ohio,  best  suited  to  their  needs.  This  plan  was  accepted 
with  the  modifications  of  an  extra  row  of  windows  in  the  roof,  and 
three  monitors- running  crosswise  instead  of  lengthwise. 

4  The  roof  presents  some  new  features  as  adapted  to  foundries. 
A  small  model  was  constructed  in  which  an  extra  row  of  windows 
was  placed  at  each  side,  in  the  central  part  of  the  slope,  and  the  outer 
edge  of  each  roof  section  raised  to  give  the  usual  pitch  of  a  gravel 
roof. 

Presented  at  ihe  New  York  Meeting  (December  1907)  of  The  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of  the  Transactions. 

'  Second  AssLstant  Superintendent,  the  Michigan  Stove  Company,  Detroit,  Mich. 
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5  This  arrangement  allowed  the  windows  in  the  roof  to  be  10 
feet  high,  antl  another  row  10  feet  high  was  added  on  each  side,  which 
permitted  the  nsc  of  the  ordinary  gravel  roof,  instead  of  the  usual 
felt  roofing  with  cinders.  The  disadvantage  of  the  usual  form  of 
roofing  with  the  latter  covering  is  that  its  steep  slope  does  not  permit 
of  its  being  walked  upon.  The  ordinary  gravel  roof  has  proved 
entirely  practicable  for  the  purpose. 

G  The  foundry  is  128  feet  square;  the  other  dimensions  are 
approximately,  50  feet  to  the  top  of  the  monitors;  40  feet  to  the 
highest  point  in  the  roof  proper,  and  30  feet  to  the  roof  at  the  sides. 
The  girders  are  on  IS  foot  centers.  As  an  economy  in  cost,  a  row  of 
posts  was  used  in  the  center,  instead  of  having  one  truss  the  full 
length  of  the  span. 

7  The  foundations  are  of  concrete,  the  walls,  6  feet  high,  are  of 
brick  12  inches  thick,  the  balance  is  constructed  of  steel,  with  a  roof 
of  2^  inch  matched  pine. 

8  The  building  is  so  nearly  fire  proof  that  it  is  not  considered 
necessary  to  install  sprinklers.  There  are  hydrants  at  two  places, 
and  fire  hose  with  100  pound  water  pressure.  There  are  no  wooden 
partitions  or  wood  work  other  than  that  covering  the  steel  at  the 
windows — which  the  architect,  being  more  used  to  wood  than  steel 
construction,  insisted  upon  using  to  make  the  building  weather 
proof — and  the  charging  platform,  the  framework  of  which,  however, 
is  steel  with  mill  construction  floor  8  inches  thick.  It  is  intended 
when  the  wood  is  perfectly  dry  (for  the  purpose  of  guarding  against 
dry  rot)  to  cover  the  upper  surface  with  sheet  metal  and  the  under 
surface  with  some  kind  of  fireproofing. 

9  The  height  of  30  feet  at  the  sides  of  the  building  is  to  allow  a 
deck  to  be  erected  at  some  future  time  on  the  line  of  the  top  of  the 
first  row  of  windows.  The  present  plan  is  to  begin  the  deck  10  feet 
aw'ay  from  the  side  windows,  making  it  wide  enough  to  accommodate 
one  row  of  molders,  with  a  gangway  at  the  edge  toward  the  center  of 
the  foundry.  The  under  side  of  the  deck  will  be  12  feet  from  the 
foundry  floor,  and  the  deck  floor  about  seven  feet  from  the  underside 
of  the  lowest  member  of  the  truss. 

10  The  floor  is  of  brick,  laid  in  cement.  One  corner,  18  by  60 
feet,  is  used  for  a  core  room,  and  besides  there  is  ample  room  for  86 
liench-molders. 

11  It  has  not  been  found  necessary  to  open  the  monitor  windows, 
it  being  cool  enough  when  they  are  closed,  but  every  second  window- 
can  be  swung  open.  All  of  the  others  are  stationary  except  the 
bottom  row,  where  each  window  swings  open. 
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12  Some  difficulties  were  met  in  removing  the  cupola  from  the 
old  location  to  its  present  site,  a  distance  of  45  feet.  It  has  a  72  inch 
shell,  is  75  feet  high,  lined  to  the  top,  and  is  estimated  to  weigh  76 
tons.  The  local  movers  were  asked  to  submit  bids,  the  lowest  of 
which  was  $600,  and  there  was  no  competition  for  the  order  even  at 
that  price.  Finally  a  house  mover  agreed  to  move  it  for  $175. 
There  was  no  guarantee  against  accidents  in  any  case. 

13  The  company  furnished  f  inch  wire  rope  for  four  guy  ropes, 
which  were  fastened  at  their  outer  ends  by  tackle,  and  provided  the 
men  to  manage  them. 

14  Two  timbers  were  placed  under  the  cupola  from  front  to  rear, 
and  one  crosswise.  These  and  the  cupola  were  raised  with  ordinary 
movers'  jack  screws  until  5  inch  wooden  rollers  and  timbers  to  roll 
on  were  placed  beneath.  A  cross  timber  was  fastened  by  chains  on 
the  under  timbers,  and  jack  screws  between  this  cross  timber  and  the 
ends  of  the  timbers  and  directly  under  the  cupola  shoved  the  cupola 
along. 

15  To  insure  its  being  kept  plumb,  a  timber  projected  from  the 
charging  platform  door,  from  which  a  plumb-bob  was  suspended  by 
a  wire.  A  plank  fastened  to  the  base  of  the  cupola  with  a  nail  driven 
so  that  its  head  was  directly  under  the  point  of  the  plumb-bob,  told 
which  way  to  raise  the  blocking.  After  everything  was  ready  the 
cupola  was  moved  in  ten  hours.  The  mover  made  a  profit  of  $75, 
and  the  entire  cost  to  the  company  was  $225. 

16  The  foundry  will  be  heated  by  the  forced  circulation  of  hot 
water,  which  is  to  be  kept  at  157  degrees.  The  temperature  at 
zero  weather  is  guaranteed  to  be  45  degrees.  The  radiation  is  esti- 
mated at  4.300  square -feet  of  radiating  surface,  using  1^  inch  pipe. 

DISCUSSION 

Mr.  E.  H.  Mumford  The  authors  have  mentioned  that  they  have 
a  mezzanine  floor  and  placed  the  machines  under,  instead  of  on  it. 
This  is  especially  interesting  in  view  of  the  fact  that  just  now  a  modifi- 
cation of  what  has  come  to  be  known  as  the  Crane  sj'stem  of  placing 
machines  and  everything  else  on  the  upper  floors,  and  dropping 
castings  and  sand  down  through  perhaps  several  floors,  is  being 
exploited  in  a  number  of  new  foundries.  I  should  like  to  know  their 
reason  for  putting  the  machines  under  the  mezzanine  floor. 

The  Authors  The  12  or  14  ft.  that  we  have  under  the  floor  is  ample 
room  for  molding  machines  and  it  seemed  to  be  better  to  put  them 
there.     Wo  want  a  carrier  that  will  not  occupy  too  nuich  room  in 
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height  and  that  will  take  a  flask  from  the  molding  machine  and  shoot 
it  clear  to  the  other  end  of  the  floor  and  bring  a  mold  back  and  shake  it 
out  at  the  machine. 

2     I  might  say  that  we  did  not  intend  to  manage  ever5'1,hing  auto- 
maticallv  as  Mr.  Mumford  seems  to  infer. 


No.  1173 

SPECIFICATIONS   FOR  IRON  AND    FUEL    AND 
METHOD  OF  TES  J ING  FOUNDRY  OUTPUT 

By  R.  MOLDENKE,  WATCHUNG,  N.  J. 
Member  of  the  Society 

Although  one  often  hears  of  the  fine  castings  produced  by  the 
numerous  smaller  foundries,  where  specifications  and  analysis  for 
purchase  and  sale  are  disregarded,  mention  is  seldom  made  of  the 
carloads  of  castings  rejected  on  account  of  excessive  hardness  or 
internal  sponginess.  These  foundries  generally  employ  standard 
material,  which  can  be  spoiled  only  through  ignorance.  In  special 
lines  of  foundry  work,  however,  and  in  the  large  jobbing  shops,  iron 
and  other  supplies  are  purchased  under  specification  and  are  sub- 
jected to  careful  inspection. 

2  A  comparatively  simple  set  of  specifications  for  all  foundry 
supplies — pig-iron,  fuel,  fluxes  and  the  newer  ferro-alloys — will 
insure  ample  results.  Since  cast  iron  is  primarily  a  steel  with  vary- 
ing carbon  content,  carrying  large  amounts  of  impurities  and 
mechanically  mixed  with  graphite,  it  follows  that  a  wide  range  of  metal 
for  casting  purposes  may  be  secured  by  varying  the  proportions  of 
the  impurities  and  of  the  combined  and  free  carbon.  Thus,  a  cast 
iron  with  but  0.20  per  cent  of  combined  carbon  and  near  4  per  cent 
of  graphite  will  really  be  a  "twenty"  carbon  steel,  the  graphite  merely 
causing  the  metal  to-  act  like  cheese  under  the  tool.  The  addition 
of  steel  scrap  to  the  original  mixture — thereby  reducing  the  per- 
centage of  graphite  without  materially  altering  that  of  the  combined 
carbon — strengthens  the  metal,  which  now,  however,  will  not  cut 
so  readily  under  the  tool.  Proceeding  farther,  an  increase  in  com- 
bined carbon  and  a  reduction  in  graphite,  secured  by  reducing  the 
silicon,  will  produce  an  "eighty"  carbon  steel,  with  so  little  lubrica- 
tion for  the  tool  as  to  be  too  expensive  to  machine. 
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3  111  this  way  by  varying  the  proportions  of  combined  and  free 
carbon,  a  wide  range  of  metal  is  obtained,  beginning  with  the  soft, 
weak,  easily  machined  black  iron,  rich  in  graphite,  running  through 
the  gray  and  mottled  grades,  and  ending  in  a  hard  strong  white  iron 
susceptible  only  to  being  ground. 

4  Since  the  relative  proportions  of  combined  and  free  carbon  may 
in  a  great  measure  be  controlled  through  the  sihcon,  it  is  generally 
sufficient  to  specify  the  maximum  allowable  percentages  of  sulphur, 
phosphorus  and  manganese.  Normally  blown  irons,  from  reputable 
blast  furnaces,  run  so  uniform  in  carbon  content  as  to  render  specifi- 
cation unnecessary.  An  "off  cast"  renders  itself  quickly  apparent 
through  the  other  impurities,  and  is  sold  only  under  its  true  designa- 
tion. 

5  For  ordinary  machinery  castings  (gray  iron)  the  pig-iron  used 
as  part  of  the  charge  should  contain: 

Sulphur,  not  more  than  0 .  05  per  cent 
Phosphorus  not  more  than  0 .  50  per  cent 
Manganese  not  more  than  0 .  80  per  cent 
Silicon,  from  1 .  75  per  cent  to  2 .  75  per  cent,  as  specified. 

6  For  malleable  castings  (w^hite  iron)  the  pig  iron  used  should 
contain: 

Sulphur,  not  more  than  0 .  04  per  cent 
Phosphorus  not  more  than  0 .  225  per  cent 
Manganese,  not  more  than  0 .  60  per  cent 
Sihcon,  from  75  per  cent  to  1.50  per  cent  as  specified. 

A  variation  of  10  per  cent,  either  way,  from  the  above  figures  may 
be  allowed. 

7  Where  light  castings  are  desired,  as  for  stoves  and  art  work,  the 
phosphorus  is  specified  at  1.00  per  cent  and  over,  and  the  silicon 
often  as  high  as  3.25  per  cent.  Similar  specifications  may  be  pre- 
pared to  cover  the  rest  of  the  thirteen  rather  distinct  grades  of  cast 
iron,  with  their  more  than  forty  variations. 

8  To  enable  foundrymen  unacquainted  with  the  metallurgy  of 
cast  iron  to  buy  intelligently,  the  American  Society  for  Testing 
Materials,  through  its  committee  on  specifications  for  foundry  iron, 
prepared  schedules  designating  the  composition  of  the  very  deceptive 
but  well  known,  old  grade  numbers.  Thus  No.  1,  2,  3  and  4  are  to 
contain  2.75,  2.25,  1.75  and  1.25  per  cent  of  silicon,  respectively, 
fracture  appearances  being  disregarded.  Sulphur  is  specified  at  less 
than  0.035,  0.045,  0.055  and  0.065  per  cent,  respectively,  when  esti- 
mated volumetrically,  with  an  allowance  of  one  hundredth  more  in 
case  the  gravimetric  method  is  employed.     A  variation  of  10  per 
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cent  of  silicon  either  way,  from  the  above  figures  is  allowed;  and  the 
sulphur  may  vary  0.02  per  cent.  A  deficiency  of  over  10  and  under 
20  per  cent  does  not  lead  to  rejection,  but  entails  a  penalty  of  4  per 
cent  in  price.  This  is  eminently  fair,  and  protects  manufacturer 
and  foundryman  alike. 

9  In  sampling,  each  car  is  taken  as  a  unit,  and  from  this  one  pig 
is  selected  out  of  each  four  tons.  In  case  of  dispute,  a  pig  is  selected 
from  each  two  tons,  the  loser  paying  for  the  additional  labor  caused 
by  the  closer  sampling.  Drillings  from  these  pigs  taken  so  as  to 
fairly  represent  the  fracture  surface,  are  to  be  well  mixed  before 
analysis. 

10  It  is  interesting  to  note  that  the  liberality  of  these  specifica- 
tions, appealing  as  it  does  to  the  conservatives,  is  in  direct  contrast 
to  the  severer  requirements  of  the  foundryman  who  buys  by  specifi- 
cations of  his  own. 

1 1  Ordinary  foundry  operations  require  as  fuel  anthracite,  coke 
and  soft  coal,  while  producer  gas,  natural  gas  and  oil  are  employed 
in  the  special  brass  furnaces  and  in  the  "Open  Hearth"  for  steel  and 
high  grade  iron.  Necessity  for  specification  is  confined  to  bituminous 
coal  and  coke,  and  in  the  case  of  the  former  only  the  sulphur,  and 
occasionally  the  ash,  demands  attention.  The  increasing  use  of 
the  air  furnace  for  the  manufacture  of  high  grade  engine  castings  is 
leading  to  a  study  of  the  availability  of  various  soft  coals;  and  the 
United  States  Geological  Survey,  through  its  advisory  board  on  fuels 
and  structural  materials,  has  gathered  much  information,  so  that 
specifications  for  coal  and  coke  for  melting  purposes  may  be  expected 
soon.  In  the  meantime,  it  may  be  stated  that  no  coal  containing 
more  than  2  per  cent  of  sulphur  should  be  used  in  the  foundry,  and, 
preferably,  the  amount  of  this  impurity  should  be  limited  to  1  per 
cent.     Similarly,  the  ash  should  be  limited  to  10  per  cent. 

12  The  employment  of  coke  demands  closer  attention  to  moisture, 
to  the  remaining  volatile  matter,  fixed  carbon,  sulphur,  ash  and 
sometimes  phosphorus.  Usually,  however,  the  sulphur,  ash  and 
fixed  carbon  are  sufficient  to  give  a  fair  idea  of  the  value  of  coke, 
apart  from  its  physical  structure,  specific  gravity,  etc.  The  advent 
of  by-product  coke  will  necessitate  closer  attention  to  moisture. 
Bee-hive  coke,  when  shipped  in  open  cars  where  it  absorbs  much 
moisture,  may,  through  inattention,  cause  the  purchase  of  from  0 
to  10  per  cent  of  water  at  coke  prices. 

13  Concerning  sulphur,  there  is  much  to  be  ascertained;  whether 
its  sulphates  or  its  volatile  compounds  get  into  the  iron,  and  how. 
Foundry  practice,  however,  has  recognized  the  fact  that  a  very  hot 
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riuniing  of  the  cupola  results  in  less  sulphur  in  the  iron.  In  good  coke, 
the  amount  of  sulphur  should  not  exceed  1.2  per  cent;  but,  unfortu- 
nately, the  percentage  often  runs  as  high  as  2.00.  If  the  coke  has  a 
good  structure,  an  average  specific  gravity,  not  over  11  per  cent  of 
ash  and  over  SG  per  cent  of  fixed  carbon,  it  does  not  matter  much 
whether  it  be  of  the  "72  hour"  or  "24  hour"  variety.  Departure  from 
the  normal  composition  of  a  coke  of  any  particular  region  should 
place  the  foundryman  on  his  guard  at  once,  and  sometimes  the  plenti- 
ful use  of  Hmestone  at  the  right  moment  may  save  many  castings. 

14  Limestone  to  be  used  for  fluxing  should  be  as  rich  as  possible 
in  carbonate  of  lime,  for  each  unit  of  siUca  transformed  into  slag 
exacts  its  equivalent  of  Hme  and  coke.  Oyster  shells  form  a  most 
desirable  flux,  and  fluor-spar  tends  to  thin  the  slag. 

15  Use  of  the  modern  ferro-alloys  will  eventually  be  limited  to 
the  richer  grades.  Even  today  80  per  cent  ferro-manganese  is 
demanded;  and,  while  50  per  cent  ferro-silicon  is  much  used,  the 
75  per  cent  grade,  or  better,  is  specified  by  the  wide  awake  foundry- 
man.  It  is  wasteful  to  employ  a  rich  alloy  in  the  cupola;  but  in  the 
ladle,  removed  from  the  further  application  of  heat,  the  smaller  bulk 
of  the  richer  alloy  causes  a  smaller  reduction  in  the  temperature  of 
the  molten  iron.  For  the  present,  specifications  are  not  required 
for  these  alloys,  which  are  made  from  the  best  material,  and  should 
be  low  in  the  undesirable  elements,  sulphur  and  phosphorus. 

16  In  selecting  scrap  iron,  each  foundryman  chooses  worn  out  or 
broken  castings  similar  in  composition  to  the  proposed  product,  so 
that  the  addition  of  this  scrap  to  the  pig-iron  mixture  does  not  dis- 
turb the  calculations. 

17  Beyond  the  exclusion  of  burnt  or  very  dirty  metal,  and  of 
sizes  so  small  as  to  cause  waste  in  melting  or  too  large  to  enter  the 
charging  door,  specifications  for  scrap  iron  should  be  Umited  to  a 
statement  of  the  class  of  material  wanted — machinery,  malleable 
wheels,  pipe,  etc. 

18  Weak  castings  and  castings  with  pin  holes  or  with  pockets 
under  the  skin  are  indicative  of  the  use  of  burnt  metal.  Three  hun- 
dredths of  1  per  cent  of  oxygen  in  solution  in  the  iron  as  an  oxid  or 
combination  of  oxids  is,  in  the  case  of  white  irons,  sufficient  to  ruin 
them  completely.  The  excessive  "skulling"  of  ladles,  and  other 
troubles,  can  be  traced  to  this  cause.  Thus  oxygen  in  cast  iron  is 
far  more  powerful  than  even  sulphur;  yet  the  action  of  the  former  is 
little  understood  and  does  not  lend  itself  readily  to  chemical  investi- 
gation. 

19  In  the  matter  of  molding  sands,  American  ft)undry  practice  is 
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far  behind  that  of  Germany,  or  of  the  rest  of  Europe.  Until  the 
price  of  our  sands  has  advanced  considerably,  we  shall  continue  to 
wet  down  and  mix  with  a  shovel,  instead  of  grinding  and  sifting  and 
tempering  by  mechanical  means,  as  in  foreign  practice.  Careful 
preparation  of  the  sand  before  it  goes  to  the  molding  floor  will  insure 
castings  free  from  surface  blemishes.  Under  present  American  con- 
ditions, attempts  to  introduce  specifications  for  molding  sands  are 
of  doubtful  value. 

20  The  absolute  necessity,  in  the  case  of  a  successfully  operated 
steel  foundry,  for  the  application  of  specification  to  all  supplies  pur- 
chased is  so  well  understood  that  the  steel  foundry  is  usually  classed 
with  the  steel  mill,  and  apart  from  the  foundry.  If  the  acid  proc- 
ess is  used,  or  the  Bessemer  converter,  the  metal  used  is  a  "fancy" 
pig  iron  containing  practically  only  iron,  carbon,  and  the  proper 
manganese  and  silicon.  The  basic  process  allows  the  use  of  cheaper 
material. 

21  The  characteristics  of  the  finished  product  are  determined 
either  by  testing  each  article,  or  by  testing  to  destruction  an  occa- 
sional sample,  or  by  the  use  of  test  bars. 

22  If  the  establishment  makes  finished  specialties  in  iron,  ease  in 
machining  is  the  important  requirement,  and  an  estimate  of  this 
quality  may  be  gained  by  placing  an  occasional  cast  sample  disk  in 
the  lathe  or  drill  press,  the  nature  of  the  tests  being  dictated  by  the 
experience  of  each  shop. 

23  Ordinary  commercial  castings,  on  the  other  hand,  must  be 
subjected  to  additional  te.sts:  boiler  sections,  to  determine  their 
resistance  to  pressure;  valves,  to  ascertain  whether  or  not  they  are 
tight.  Castings  produced  in  very  large  quantity  must  be  tested  to 
destruction,  by  sample,  which  of  course,  is  far  beyond  the  limits  of 
actual  service  conditions.  The  remarkable  quality  of  car  wheels 
has  resulted  from  this  exacting  system  of  testing. 

24  The  foundryman,  however  competent,  is  dependent  upon  the 
quality  of  the  iron  for  the  production  of  serviceable  castings.  It  is 
necessary  therefore,  in  the  many  cases  to  which  testing  to  destruction 
is  inapplicable,  to  make  a  test  of  a  sample  form  composed  of  iron 
identical  with  that  in  the  casting.  Today  in  foundry  practice  the 
foundryman  may  employ  shop  test  bars  of  such  size  and  shape  as 
he  choo-ses.  Comparison  of  the  performance  of  his  test  bar  with  that 
of  the  purchaser's  test  bar  will  enable  the  experienced  foundryman  to 
determine  the  degree  of  exactness  with  which  he  is  meeting  the 
requirements. 

25  Finding  that  such  a  variety  of  standards  prevailed,  the  Ameri- 
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can  Foundrymaii's  Association  and  the  American  Society  for  Test- 
ing Materials,  under  separate  action  but  by  individual  members  of 
each  committee,  have  adopted  a  set  of  specifications  which  embodies 
the  last  word  on  this  complex  subject.  These  specifications  depart 
entirely  from  established  procedure. 

26  It  has  been  attempted  in  these  specifications  to  avoid  the 
introduction  of  outside  influences  as  far  as  practicable,  and  to  have 
the  sample  represent  accurately  the  iron  as  it  comes  from  the  cupola 
or  the  furnace.  Hence,  the  round  sample  bar  is  to  be  of  as  large  size 
as  the  limits  of  commercial  testing  machines  will  permit;  it  is  to  be 
poured  in  a  vertical  position,  to  avoid  the  difference  of  strength 
between  top  and  bottom,  if  poured  horizontally;  and  the  mold  is  to 
be  dried,  to  ward  off  the  effect  of  damp  sand.  The  speed  of  testing 
is  specified,  and  a  regular  routine  of  pouring  is  to  be  observed.  At 
the  suggestion  of  Mr.  Walter  Wood,  this  bar  is  called  the  "arbitra- 
tion bar,"  as  it  is  intended  for  use  only  in  case  of  dispute  between 
buyer  and  seller. 

27  The  new  method  of  testing,  as  adopted  by  the  American 
Society  for  Testing  Materials,  is  being  generally  used,  and  is  found 
to  be  far  superior  to  the  old  custom  of  flat,  square  bars  of  small  cross 
section,  or  the  long  bars  so  susceptible  of  dishonest  manipulation. 
The  transverse  is  best  suited  to  the  peculiar  nature  of  cast  iron;  but 
an  optional  tensile  test  is  provided  for,  at  the  cost  of  the  party 
demanding  it,  although  in  Germany  this  latter  test  is  excluded  alto- 
gether. For  further  details,  the  reader  is  referred  to  the  pubhca- 
tions  of  the  two  societies  mentioned  heretofore. 

28  The  ethics  of  the  cast  iron  industry  has  been  dependent  upon 
the  better  understanding  of  its  metallurgy.  In  times  past  the 
foundryman  refused  orders  to  which  specifications  were  attached 
and  he  refused  even  to  provide  tentative  specifications  which  might 
enable  the  buyer  to  obtain  such  iron  as  he  desired  to  purchase.  Now 
this  is  changed,  and  the  progressive  foundryman  welcomes  inspection 
of  his  methods  and  tests  of  his  product. 

29  It  is  to  the  lasting  credit  of  the  foundry  that  the  first  demand 
for  specifications  came  from  the  foundrymen  themselves,  through 
their  Association,  and  that  they  cooperated  heartily  with  the  engi- 
neer b}'  furnishing  information,  freely  and  without  reserve,  A  very 
friendly  feeling  between  buyer  and  seller  has  ensued;  for  no  better 
evidence  of  good  faith  can  be  given  than  an  invitation  to  visit  freely 
the  shops  and  the  laboratory  to  inspect  manufacture  and  test.  This 
is  the  rule  today,  not  the  exception. 
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FOUNDRY  CUPOLA  AND  IRON  MIXTURES 

By  W.  J.  KEEP,  DETROIT,  MICH. 

Member  of  the  Society 

THE    CUPOLA 

Iron  for  ordinary  castings  is  melted  in  a  cupola,  a  vertical  brick 
lined  cylinder,  in  which  are  charged  coke  and  iron  in  alternate  layers, 
while  air  is  forced  in  by  a  blower. 

2  The  leading  kinds  of  cupolas  have  the  same  general  proportions 
which  leave  little  room  for  improvement;  by  measuring  a  large 
number  of  cupolas,  before  any  type  had  become  common,  and  tabu- 
lating records  of  melting,  the  writer  determined  that  proportions 
exert  almost  no  influence  upon  the  melting  efficiency.  The  results 
depend  rather  upon  the  skill  or  care  of  the  melter. 

3  A  special  form  of  cupola  is  described  in  this  article;  but  so  far 
as  details  of  construction  are  concerned,  there  are  as  many  opinions 
as  there  are  designers,  and  as  good  results  are  claimed  with  other 
forms. 

4  It  does  not  pay  to  purchase  a  small  cupola.  A  72-inch  shell 
may  be  lined  with  common  red  brick  next  to  the  shell  and  with  fire 
brick  inside  to  bring  the  inside  diameter  right — say  36  inches  for  a 
small  business,  to  be  increased  as  the  business  grows.  Above  the 
charging  door  the  ordinary  5-inch  lining  may  be  used. 

THE    LINING 

5  Every  test  the  writer  has  made  has  shown  that  for  ordinary 
melting  of  gray  iron  the  cheapest  stock  brick  may  be  used  to  good 
advantage. 

6  Square  bricks  should  be  used  wherever  possible,  and  key  or 
arch  bricks  only  when  necessary  to  turn  the  circle  without  leaving 
spaces  between.     A  stock  brick,  wliether  square,  split,  key  or  arched, 
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will  make  as  good  a  lining  as  the  special  shaped  cupola  blocks  and 
is  much  cheaper.  If  the  stock  bricks  are  laid  so  that  their  surfaces 
touch  each  other  and  all  spaces  are  filled  with  a  thin  grout,  the  Hning 
will  last  as  long  as  if  made  with  large  blocks. 

7  In  procuring  brick  care  should  be  used  in  the  selection  of  its 
size.  If  "square"  or  "straight"  it  should  be  9  inches  long,  4^  inches 
wide  and  2^  inches  thick  (100  cu.  in.).  Good  brick  of  these  dimen- 
sions can  be  found  at  low  prices.  To  produce  a  lower  priced  brick 
the  size  is  often  reduced  to  8^  by  4^  by  2J  inches  (90  cu.  in). 

8  For  special  melting  using  steel  scrap,  or  for  continuous  melting, 
a  more  refractory  (and  expensive)  brick  may  be  needed. 

9  In  building  up  the  lining  the  bricks  should  be  dipped  in  a  thin 
hot  grout,  made  of  one  third  fire  clay  and  two  thirds  sharp  sand,  and 
laid  tightly  against  each  other,  allowing  the  grout  to  fill  all  spaces. 
At  intervals  of  two  or  three  feet  all  the  way  to  the  top  of  the  charg- 
ing door  rings  of  angle  iron  should  be  riveted  to  the  shell  to  allow 
any  section  of  brick  to  be  renewed  without  chsturbing  the  rest  of  the 
lining. 

10  The  lining  above  the  charging  door  will  last  as  long  as  the 
shell.  The  lining  from  the  top  of  the  charging  door  to  the  point 
at  which  the  iron  melts  (herein  termed  the  melting  point)  is  not  cut 
away  by  heat,  although  it  is  worn  by  the  friction  of  the  charges,  and 
even  when  but  five  inches  thick  will  often  last  several  years.  At  the 
melting  point  it  is  often  necessary  to  renew  the  lining  every  six 
months  if  the  cupola  is  run  to  its  full  capacity.  The  bosh  will  need 
renewing  about  as  often.  The  brick  below  the  twyers  becomes 
friable  on  account  of  the  contact  of  fiuid  iron,  but  will  last  twice  as 
long  as  that  at  the  melting  point. 

11  The  usual  lining  is  made  of  the  same  cUameter  up  to  the 
charging  door,  and  as  good  melting  can  be  done  with  such  a  lining 
as  with  any  other  shape.  In  the  vicinity  of  the  melting  point, 
however,  the  lining  gradually  burns  away,  and  it  is  customary  to 
pick  the  slag  from  the  surfaces  and  daub  on  a  thick  mortar  composed 
of  boiled  fire  clay  and  sharp  sand,  patching  the  holes  with  pieces  of 
fire  brick  to  bring  back  the  original  shape.  But  it  will  be  found  that 
the  daubing  is  liable  to  shrink  in  drying  out,  and  to  fall  off  while  the 
iron  is  melting.  The  accumulation  of  slag  just  below  the  melting 
point  tends  to  build  out  the  lining  toward  the  center  of  the  cupola 
into  a  shape  that  it  will  retain  indefinitely — a  sort  of  overhanging 
bosh. 

12  The  construction  herein  described  is  to  anticipate  this  natural 
action  in  the  cupola  by  actually  building  the  lining,  in  the  first  place. 
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in  the  sha{)e  of  this  overhanging  bosh.  Make  the  hning  12  inches 
thick  in  the  hearth;  then  form  the  overhang  by  making  the  Uning  16 
inches  thick  above  the  twyers;  thence  sloping  back  for  the  next  2 
feet  to  tlie  thickness  of  5  inches  opposite  the  melting  point  and  the 
rest  of  the  way  up. 

13  By  this  construction  the  blast  is  carried  to  the  center  of  the 
cupola.  The  hot  products  of  the  combustion  therefore  do  not  cut 
away  the  lining  opposite  the  melting  point  as  they  do  with  a  straight 
lining;  and  the  shell  of  the  cupola  opposite  the  5-inch  lining  is  no 
hotter  than  it  would  be  with  a  straight  lining  9  inches  thick.  The 
cupola  can  hold  more  iron  and  the  melting  is  therefore  more  rapid; 
moreover,  as  the  lining  is  thicker  just  below  the  bosh,  less  fuel  is 
needed  for  the  bed  and  the  melting  ratio  is  improved. 

THE    CHARGING    DOOR 

14  The  usual  height  of  the  charging  door  above  the  bottom  plate 
is  12  feet,  but  15  or  17  feet  is  practicable.  The  more  iron  there  is  in 
the  cupola  the  better,  as  it  becomes  heated  by  the  waste  gases  before 
it  reaches  the  melting  point,  and  is  thus  brought  nearer  the  melting 
temperature;  even  at  17  feet,  however,  the  iron  has  not  become  hot 
enough  to  melt  by  the  time  it  gets  to  the  melting  point. 

15  The  charging  door  cannot  advisedly  be  placed  any  higher, 
as  the  first  charge  would  have  too  far  to  fall  on  to  the  bed  of  coke. 
Moreover,  at  times  when  the  bottom  cuts  through,  or  the  blast 
apparatus  is  closed  down,  the  bottom  must  be  dropped  when  the 
cupola  is  full,  and  sometimes  it  is  necessary  to  use  a  rod  to  make  a 
hole  through  the  slag  that  does  not  fall  through  when  the  bottom  is 
dropped,  which  is  inconvenient  when  the  door  is  more  than  17  feet 
above  the  bottom  plate. 

16  There  is  no  need  of  a  tight  charging  door.  A  wire  screen  let 
down  in  front  of  the  opening  when  the  last  charge  is  in  will  keep 
sparks  from  blowing  out. 

THE   TWYERS 

17  The  distance  of  the  twyers  from  the  cupola  bottom  depends 
upon  whether  anthracite  coal  or  coke  is  used,  and  upon  the  kind  of 
castings  made.  In  using  coke,  where  the  iron  runs  out  as  fast  as 
melted,  the  distance  from  the  bottom  of  the  twyers  to  the  sand 
bottom  should  be  about  twelve  inches.  For  machinery  castings 
the  distance  should  be  such  that  the  iron  can  accumulate  without 
running  out  of  the  twyers. 
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IS  Tlio  sluipc  or  minibor  of  the  twyers  is  noi,  of  great  importance, 
but  the  usual  construction  is  of  cast  iron,  bolted  to  the  shell,  and  of 
a  size  to  admit  enough  air  to  burn-  the  coke  in  the  shortest  possible 
time.  The  admission  of  air  depends  on  the  friction  in  the  blast 
pipes  at  the  twyer  openings  and  the  blast  pressure  at  the  twyers, 
and  the  size  should  be  calculated  for  about  eight  ounces  pressure. 

19  It  is  usual  to  keep  the  top  and  bottom  twyer  walls  nearly 
horizontal.  The  sides,  however,  should  be  flared  toward  the  center 
of  the  cupola  to  compensate  for  the  partial  choking  of  the  admission 
of  air  by  the  fuel  and  chilled  slag  lying  directly  in  front  of  the  twyers. 
The  overhanging  bosh,  described  above,  helps  to  form  a  continuous 
air  chamber  and  prevents  clogging,  by  melted  iron  and  slag,  all 
around  the  cupola  in  front  of  the  twyers,  thereby  insuring  a  gentle 
and  even  admission  of  the  blast  that  does  not  injure  the  lining.  By 
giving  a  slight  inward  flare  to  the  openings,  the  twyer  casting  can 
be  made  with  a  green-sand  core,  but  they  may  be  made  so  wide  at 
the  inner  end  that  they  nearly  or  quite  touch  each  other.  One  or 
more  supports  are  cast  near  the  inner  openings  to  prevent  the  top 
of  the  twyer  from  sagging.  The  shape  must  be  such,  however, 
that  when  melted  iron  accidentally  rises  and  chills,  it  can  be  pushed 
out  without  injury  to  the  twyer. 

20  A  very  good  way  to  form  a  practically  continuous  twyer  is  by 
means  of  jDlates  or  segments  one  inch  thick,  and  equal  in  width  to 
the  thickness  of  the  lining  at  the  twyer  circle.  When  the  lining  is 
built  to  within  an  inch  of  the  blast  openings  in  the  shell,  a  circle  of 
the  segments  is  laid  on  it.  Cast  iron  blocks  3  inches  wide  and  4 J 
inches  high  are  placed  on  this  even  with  the  front  of  the  circle  and 
about  seven  inches  apart.  Another  circle  of  segments  is  laid  upon 
these  blocks  and  then  the  regular  brick  lining  is  continued.  This 
construction  leaves  a  3-inch  continuous  space  unbroken  by  par- 
titions, next  to  the  shell,  and  permits  the  air  to  enter  at  all  points 
with  equal  force. 

THE    BOTTOM 

21  The  bottom  is  made  of  sifted  sand  from  the  gangway,  damp- 
ened, tempered  and  riddled.  The  sand  should  be  shoveled  in  through 
the  breast  and  stamped  with  the  feet,  and  then  rammed  as  in  molding. 
Make  a  close  joint  around  the  edges,  and  have  the  sand  at  least  2h 
inches  thick  above  the  cupola  bottom  at  the  level  of  the  spout  lining, 
(not  the  bottom  doors)  and  with  a  level  and  straight  edge  make  it 
slope  up  toward  the  back  ^  inch  in  each  foot. 
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22  If  the  bottom  is  loo  wet,  or  is  raininetl  too  liard,  it  is  liat)le 
to  lift  up  and  crack  and  let  the  melted  iron  cut  through  the  bottom 
doors.  To  prevent  this  accident,  drill  the  doors  with  h  inch  holes  4 
inches  apart,  so  that  the  steam  and  gases  from  the  sand  bottom 
can  escape. 

THE    BREAST    AND    TAP    HOLE 

23  To  make  the  breast,  hold  a  board  against  the  inside  of  the 
cupola  and  ram  from  the  front  a  mixture  of  one-third  part  fire  clay, 
and  two-thirds  burnt  molding  sand  wet  with  clay-wash  and  tem- 
pered with  new  sand. 

24  Form  the  tap  hole  with  a  smooth  stick,  15  inches  long  and 
tapering  from  a  diameter  of  2  inches  as  one  end  to  1  inch  at  the  other, 
laid  in  the  breast  with  its  small  end  against  the  board.  When  the 
breast  is  rammed  full,  remove  the  board,  shove  the  stick  in  two 
inches  and  scrape  away  the  breast  at  the  front  to  an  arch  until  at 
the  tap  hole  it  is  only  1  inch  thick. 

Operation 

charging  and  running 

25  In  a  72-inch  cupola  use  about  four  bushels  of  shavings,  and 
spread  some  over  the  bottom  and  pile  them  up  around  the  sides  to 
the  twyers,  in  front  of  which  lay  shavings  and  splinters.  Then  lay 
kindhngs  evenly  over  the  w^hole  bottom  and  set  soft  cord  wood  on 
end  all  around  the  sides,  with  some  short  pieces  in  the  center. 

2G  For  the  bed  charge  1200  pounds  of  coke,  and  Hght  the  fire  at 
the  twyers  and  at  the  tap  hole  two  hours  before  the  wind  is  to  be  put 
on.  Build  a  wood  fire  all  along  Ihe  spout  (which  has  been  lined  one 
inch  thick  with  the  same  mixture  as  the  breast)  and  light  the  fire  in 
front  of  the  breast,  leaving  the  twyers  and  tap  hole  open  until  the 
coke  is  well  ignited.  After  the  w^ood  is  all  burned  out,  close  the 
twyer  doors  and  charge  on  500  pounds  of  coke.  Bend  the  ends  of  a 
rod,  at  right  angles,  in  opposite  directions,  of  such  length  that  when 
the  upper  end  hangs  on  the  charging  door  sill,  the  lower  end  will  be 
two  feet  above  the  top  of  the  twj^ers.  Add  enough  coke  to  reach 
up  to  the  lower  end  of  the  rod,  and  spread  evenly  on  this  coke  one- 
half  of  the  first  charge  of  pig  iron  and  scrap,  and  100  pounds  of  coke, 
then  add  the  other  half  charge  of  iron.  This  makes  1800  pounds  of 
coke  on  the  bed,  and  4800  pounds  of  iron  consisting  of  3200  pounds 
of  pig  iron  and  1000  poujids  of  sprues  and  scrap    (for  stove   plate). 
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All  the  rest  of  the  charges  consist  of  250  pounds  of  coke  and  3000 
pounds  of  iron.     (1050  pounds  p\^  and    1050   pounds   of   remelt). 

27  Scatter  over  each  charge  of  coke  two  shovelfuls  of  screenings 
from  the  gangways,  and  two  of  limestone,  broken  as  small  as  an  egg. 
Continue  charging  until  full  to  the  charging  door.  If  the  fire  is 
lighted  at  12  m.  the  charging  should  begin  at  12.30  p.m.  and  the 
wind  put  on  at  2  p.m.  Stop  the  tap  hole  at  2.10,  and  tap  out  at  2.15. 
With  20  charges  (31  tons)  the  wind  should  be  off  at  5  p.m.  Fuel 
ratio  9  to  1,  and  the  melting  10  tons  per  hour.  (Cupola  72  inch 
shell). 

THE    BLAST 

28  Fast  melting  fuel  must  be  burned  rapidly.  With  free  en- 
trance for  air  and  with  a  positive  blower  the  speed  of  melting  can 
be  increased  b}'  increasing  the  blast  up  to  18  ounces  pressure.  No 
further  increase  of  speed  in  melting  is  obtained  with  22  ounces 
pressure  and  with  26  ounces  the  melting  will  be  slower,  showing  that 
more  air  is  blown  than  can  be  used.  About  14  ounces  is  the  best 
pressure  for  any  kind  of  blower  or  cupola.  When  speed  is  not 
required,  a  lower  pressure,  (perhaps  six  or  eight  ounces)  may  give 
more  economical  results. 

29  As  good  results  are  obtained  with  one  kind  of  blower  as  with 
another.  Those  who  use  a  positive  blower  think  they  get  a  stronger 
Iilast,  but  it  does  not  pay  to  change  if  the  blower  already  in  use  is 
large  enough. 

ADVANTAGES    OF    HOT    IRON 

30  Iron  should  be  melted  hot,  whether  it  is  to  be  poured  hot  or 
dull.  Hot  iron  is  fluid,  and  gases  and  slag  can  separate  and  castings 
will  be  even  in  grain  and  free  from  blow  holes. 

31  It  is  important  to  have  a  hot  cupola  before  the  iron  begins  to 
melt.  Whether  the  cupola  is  small  or  large,  the  fire  should  be 
lighted  two  hours  before  the  iron  is  needed,  and  the  fuel  should  be 
well  lighted  all  over  the  center  before  the  iron  is  charged. 

SLAGGING 

32  Slag  should  be  drawn  off  and  not  allowed  to  reach  the  twyers. 
The  slag  hole  is  a  4-inch  square  hole  left  in  the  brick  lining  opposite 
the  tap  hole  with  its  top  about  4  inches  below  the  bottom  of 
the  twyers.  It  is  lined  and  its  upper  end  is  stopped  with  daubing 
clay.  Slag  should  be  allowed  to  accumulate  until  it  is  nearly  up 
to  the  twyers  as  it  protects  the  melted  iron  from  the  blast  and  strains 
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out  the  dirt.  Before  the  shig  runs  out  of  the  twyers  the  slag  hole  is 
opened  just  enough  to  let  the  slag  run  as  fast  as  it  forms.  By 
arranging  a  trough,  a  crust  will  form,  covering  the  hot  stream 
beneath;  and  by  raising  the  crust  a  little  with  a  bar  it  will  set  and 
form  a  channel  which  will  keep  a  steady  stream  of  slag  flowing  with 
no  noise  or  escape  of  wind. 

SAVING    IRON    FROM    THE    BOTTOM 

33  A  way  to  save  iron  dropped  from  the  bottom  of  the  cupola 
which  has  been  found  better  than  a  cinder  mill  or  any  separator  is 
as  follows:  After  the  wind  is  off  and  all  melted  iron  has  run  out  of 
the  cupola,  make  a  circular  dam  of  sand  about  four  feet  in  diameter 
in  front  of  the  cupola  and  about  four  inches  high.  Lay  a  tapping 
bar  across  the  spout  and  with  a  piece  of  1^  inch  shafting  8  feet  long 
ram  in  the  breast  and  let  all  of  the  slag  run  out  on  the  floor.  The 
iron  will  settle  under  the  slag.  When  the  slag  is  all  out,  drop  the 
bottom,  wet  it  down  and  draw  it  out.  In  the  morning,  there  being 
no  slag,  the  bottom  can  be  picked  over  by  hand.  All  iron  is  thrown 
to  one  side,  and  any  piece  of  sand  bottom,  or  of  slag  not  containing 
iron,  is  discarded.  All  coke  large  enough  to  use  is  saved;  and  all 
small  coke  and  iron  is  shoveled  up  and  taken  to  the  scaffold,  to  be 
thrown  in,  with  all  skulls  and  sweepings  containing  iron,  when  the 
last  charge  has  settled  some  distance  clown.  The  small  coke  holds 
down  the  blast,  improving  the  last  melting,  and  drops  again  with 
the  bottom.  The  cupola  is  so  hot  that  this  iron  is  fit  for  use  for 
almost  any  casting. 

FUEL    RATIO 

34  For  heavy  machinery  castings  and  car  wheels,  with  large 
cupolas,  and  when  the  iron  need  not  be  as  hot  as  for  small  castings 
sometimes  18  pounds  of  iron  are  melted  with  1  pound  of  coke,  count- 
ing in  the  bed  and  not  deducting  iron  or  coke  dropped  with  the  bot- 
tom. For  ordinary  castings  it  is  not  economical  to  run  any  risk  of 
having  dull  iron,  because  the  loss  of  castings  would  be  greater  than 
any  saving  of  coke. 

35  For  stove  castings,  for  which  the  iron  must  be  as  hot  as  for 
any  work,  a  fuel  ratio  of  9  to  1  can  be  maintained  constantly  with  a 
72-inch  cupola,  using  a  coke  bed  of  1800  pounds  and  melting  30  tons 
in  2f  hours.  To  obtain  such  a  ratio  it  is  not  necessary  to  break  the 
pig  iron,  but  all  scrap  should  be  broken  as  small  as  the  pig  iron,  so 
as  not  to  leave  voids.  The  coke,  pig  and  scrap  must  be  charged 
uniformly.     It  is  better  to  charge  one  row  of  pig  iron  flatwise  around 
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the  circuiiifereiicc,  then  another  row  inside  of  this,  and  so  on  until 
the  center  is  filled.  One  ton  of  pig  iron  will  make  about  one  thick- 
ness all  over. 

3G  Stove  plate,  sprues  and  scrap  weighing  half  a  ton  will  take 
more  room  than  the  pig  iron  and  260  pounds  of  coke  will  completely 
cover  the  iron  charge.  The  charge  for  stove  plate  will  be  250  pounds 
of  coke,  1950  pounds  of  pig  iron  and  1050  pounds  of  remelt.  On  the 
bed  the  iron  charge  is  3200  pounds  of  pig  and  1600  pounds  of  scrap, 
and  the  regular  charge  of  3000  pounds  of  iron  and  260  pounds  of  coke 
then  continues  through  the  heat. 

37  Greater  economy  can  be  obtained  if  the  coke  is  reduced  on 
the  last  three  charges,  and  sometimes  the  cupola  will  be  so  hot  that 
the  last  charge  can  be  melted  with  very  little  coke.  The  smaller  the 
coke  charge  the  faster  the  melting,  provided  sufficient  coke  is  used 
to  melt  the  iron  hot.  For  fast  melting,  care  and  cleanliness  are 
essential;  no  dirt  or  dust  from  the  charging  platform  must  be  shoveled 
into  the  cupola,  as  it  will  prevent  the  iron  from  settling  evenly. 

QUALITY    OF   THE    COKE 

38  The  quality  of  the  coke  is  one  of  the  most  important  things 
in  iron  melting,  because  the  iron  is  in  constant  contact  wdth  the  fuel. 
Coke  should  contain  about  10  per  cent  of  ash  so  as  not  to  crush  by 
the  weight  of  the  iron,  or  break  up  by  the  heat.  If  it  contains  too 
much  volatile  matter  it  will  melt  and  clog  the  cupola,  but  the  per- 
centage of  volatile  in  good  and  bad  coke  varies  so  little  that  it 
cannot  be  determined  by  analysis. 

39  The  sulphur  should  not  exceed  0.75  per  cent,  but  very  often 
amounts  to  1  per  cent  and  over.  It  is  estimated  that  wdth  0.75  per 
cent  of  sulphur  in  the  coke  0.03  per  cent  Avill  enter  the  casting;  and 
as  the  sprues  and  bad  castings  are  remelted  each  day  it  is  difficult 
to  keep  the  sulphur  in  the  castings  below  0.08  per  cent,  wdiich  is  the 
limit.  In  machinery  scrap  and  stove-plate  scrap  sulphur  is  esti- 
mated at  0.08  per  cent.  Therefore  if  the  coke  contains  more  than 
0.75  per  cent  of  sulphur  it  is  very  difficult  to  use  scrap  enough  to 
give  a  close  grain  without  exceeding  the  above  Hmit  and  thereby 
causing  hard  spots  and  blow  holes  in  the  casting. 

40  Since  the  great  demand  by  blast  furnaces  for  beehive  oven 
coke,  it  has  not  been  as  reliable  as  when  the  founder  could  refuse  a 
car  load  which  did  not  give  good  results.  Retort  oven  coke  can  be 
made  of  uniform  quality  and  it  is  very  satisfactory,  but  does  not 
look  as  well  as  beehive  coke. 
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THE    FLUX 

41  Limestone  is  the  best  flux,  and  in  a  slight  degree  lessens  sul- 
phur; but  its  chief  use  is  to  make  the  slag  fluid  enough  to  run  out  of 
the  slag  hole,  and  to  keep  the  cupola  clean  especially  when  the  bot- 
tom is  dropped. 

42  It  is  a  question  whether  the  special  fluxes  on  the  market  do 
as  much  good  as  claimed,  but  they  are  worth  a  trial.  Fluor-spar 
is  more  efficient  than  limestone,  but  is  more  expensive. 

Iron  Mixtures 
chemical  composition  and  physical  qualities 

43  It  is  physical  quahty  that  the  founder  requires,  and  he  would 
not  trouble  himself  about  the  chemical  composition  were  it  not  that 
by  varying  it  he  can  vary  the  physical  quality  to  some  extent. 

44  By  decreasing  sulphur,  or  by  increasing  silicon,  the  casting 
will  be  made  softer.  By  decreasing  sulphur,  or  by  increasing  silicon, 
or  phosphorus,  or  both,  fluidity  is  increased,  and  the  iron  is  grayer 
and  has  less  shrinkage.  By  increasing  the  manganese  the  sulphur 
is  decreased  or  rendered  less  harmful. 

45  But  the  physical  quality  of  the  iron  charged,  the  conditions 
under  which  the  iron  is  melted  and  the  manipulation  of  the  fluid 
iron  also  materially  influence  the  physical  quality  of  the  casting, 
irrespective  of  the  chemical  composition. 

PIG    IRON 

46  Close  grained  and  strong  pig-iron  is  likely  to  make  castings 
having  those  characteristics.  The  close  grain  is  generally  accom- 
panied by  low  silicon  and  sometimes  by  high  sulphur,  but  it  may 
have  been  caused  by  the  original  smelting  conditions,  i.e.,  whether 
the  blast  furnace  was  cold  or  hot.  Close  grain  in  a  soft  casting 
generally  means  that  it  is  strong,  but  for  the  closest  grain  and  the 
greatest  strength  the  casting  is  generally  as  hard  as  can  be  tooled. 

47  Another  reason  for  using  close-grained,  low-silicon  pig-irons, 
and  pig-irons  low  in  phosphorus,  is  that  they  set  more  quickly,  there- 
by preventing  internal  shrinkage  and  porosity.  Large  castings  cool 
slowly;  the  interior  is  fluid  a  long  time  after  the  exterior  has  become 
solid,  and  contracts  more  and  more  as  its  temperature  lowers,  so 
that  when  its  center  reaches  the  freezing  point  there  is  not  enough 
bulk  to  fill  the  space.     In  solidfying  it  crystallizes  on  the  crystals 
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already  formed,  resulting  in  a  very  loose  grain  at  the  center;  and 
finally,  as  the  last  iron  becomes  solid,  a  true  cavity  is  left.  Thus  we 
have  a  shrink  hole  surrounded  by  a  spongy  iron.  By  feeding  hot 
fluid  iron  to  such  a  center  through  a  channel  which  is  kept  open  by 
churning  with  an  iron  rod,  every  part  of  the  casting  can  be  made 
soUd. 

48  By  using  northern  irons  made  from  Lake  Superior  ores  the 
tendency  to  sponginess  is  lessened  because  they  set  quicker  than 
southern  irons.  Or  if  an  iron  chill  can  be  placed  in  the  mold  in  a 
wall  very  near  the  spot  that  would  otherwise  be  spongy  it  will  set 
the  metal  quickly  and  prevent  the  trouble. 

THE    SCRAP 

49  Castings  made  from  scrap  iron  of  the  same  general  size  and 
grain  as  is  desired  in  the  casting  and  cast  under  practically  the  same 
conditions  may  be  expected  to  have  a  similar  grain — or  a  tendency 
toward  a  closer  grain  which  would  require  to  be  offset  by  the  addition 
of  a  small  amount  of  a  more  open  pig-iron. 

50  An  unduly  coarse  grain  in  the  scrap  will  close  up  somewhat 
in  remelting,  or  close-grain  pig  iron  may  be  used'  with  it.  Small, 
close-grained  scrap,  remelted  for  making  a  large  casting  which  cools 
slowly,  having  a  relatively  higher  silicon  will  have  a  coarser  grain. 

51  Scrap  is  not  ordinarily  analyzed,  though  it  often  constitutes 
one  half  the  total  mixture.  Silicon  runs  1.50,  2.00  and  2.40  per 
cent  in  heavy,  medium,  and  small  soft  scrap,  respectively,  and  the 
sulphur  is  about  0.08  per  cent. 

52  In  selecting  scrap  for  a  mixture,  throw  out  all  wrought,  burnt, 
malleable  and  chilled  iron,  and  all  steel. 

53  Stove-plate  scrap  is  very  close  grained,  with  sulphur  about 
0.08  per  cent  and  silicon  about  2.75  per  cent.  For  machine  castings 
it  closes  the  grain  and  adds  strength,  but  its  silicon  is  not  as  effective 
as  in  pig  iron  because  of  its  high  sulphur  and  rather  low  carbon. 
The  loss  in  weight  during  melting  is  excessive. 

54  Select  machinery  scrap  the  size  of  the  castings  to  be  made, 
and  break  it  small  enough  to  melt  in  the  cupola  as  fast  as  the  pig- 
iron. 

QUALITIES   OF   IRON   PRODUCED 

55  Following  are  chemical  compositions  and  physical  qualities 
desirable  in  irons  for  various  kinds  of  work,  and  some  mixtures  that 
will  give  them. 
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HARD   IRON   FOR   HEAVY   WORK 

56  Castings  for  compressor  cylinders,  valves,  high  pressure  work, 
etc. 

57  Chemical  composition:  Si  1.20  to  1.50  percent;  S  under  0.09 
per  cent.  P  0.35  to  0.60  per  cent;  Mn  0.50  to  0.80  per  cent. 

58  Physical  quahties:  Transverse  strength  of  a  test  bar  1  inch 
square  and  12  inches  long,  2400  to  2600  pounds;  tensile  strength  of 
same  bar  22  000  to  25  000  pounds;  shrinkage  in  yokes,  0.160  inch; 
chill  in  yokes,  0.25  inch. 

59  Mixtures:  Steel  scrap  to  the  amount  of  10  to  25  per  cent  may 
be  added  in  the  cupola.  In  a  foundry  running  both  air  furnaces 
and  cupolas,  for  castings  of  over  15  tons,  one  half  of  iron  from  each 
may  be  mixed  in  the  ladle  to  give  strength.  When  the  amount  of 
steel  exceeds  10  per  cent  a  very  small  quantity  of  aluminum  should 
be  used  in  the  ladle  to  increase  fluidity.  It  will  remove  all  gases, 
prevent  blow  holes,  and  give  a  very  close  grain.  A  piece  of  pure 
aluminum  wire  f  inch  in  diameter,  and  1  inch  long,  for  each  100 
pounds  of  iron,  is  sufficient;  do  not  use  so  called  "casting  aluminum." 
To  insure  a  perfectly  sound  interior,  make  large  castings  as  hard  as 
will  allow  of  machining,  by  keeping  the  silicon  as  low  as  possible. 
Select  close-grained  foundry  iron  low  in  silicon,  or  mill  iron  if  the  grain 
of  the  foundry  grades  is  too  coarse.  A  close  grain  in  pig-iron  accom- 
panies a  higher  sulphur  content  which  is  due  to  a  cold  furnace. 
Charcoal  pig-iron  gives  a  close  grain  with  low  sulphur. 

60  Although  using  scrap  closes  the  grain,  use  it  sparingly  for 
the  strongest  castings — sometimes  not  more  than  10  per  cent,  to 
avoid  introducing  sulphur.  It  is  safer  to  use  close-grained  pig,  and 
steel  scrap.  For  extra  strength,  use  1  to  10  pounds  of  ferro-man- 
ganese,  either  in  lumps  in  the  cupola  or  granulated  in  the  ladle. 

61  The  best  way  to  close  the  grain  and  prevent  sponginess  is  to 
charge  100  pounds  of  cast-iron  borings  with  each  ton  of  the  mixture 
packed  solid  in  a  covered  wooden  box  six  inches  deep.  The  box 
settles  down  to  the  melting  point  before  the  wood  burns,  and  then 
the  borings  melt  and  mix,  without  more  than  10  per  cent  loss.  Steel 
borings  and  chips  can  be  used  instead,  but  aluminum  is  needed  in 
the  ladle.     Do  not  mix  cast  iron  and  steel  borings  in  the  same  box. 

62  In  calculating  mixtures  for  heavy  castings,  allow  1.50  per 
cent  silicon  and  0.10  per  cent  sulphur  to  be  contained  in  the  scrap. 
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MEDIUM  IRON   FOR  GENERAL   WORK 

63  Castings  for  low  pressure  cylinders,  gears  and  pinions,  etc. 

64  Chemical  composition:  1.50  to  2.00  per  cent;  S  under  0.08 
per  cent;  P  0.35  to  0.60  per  cent;  Mn  0.50  to  0.80  per  cent. 

65  Physical  qualities:  Transverse  strength  of  a  test  bar  1  inch 
square  and  12  inches  long,  2200  to  2400  pounds;  tensile  strength, 
20  000  to  23   000  pounds;   shrinkage  0.154  inch;   chill  0.15  inch. 

66  Mixtures:  No.  1,  2  and  3  foundry  iron.  Home  and  foreign 
scrap  up  to  50  per  cent  of  the  whole  is  allowable  for  the  best  castings; 
or  more  with  carefully  selected  scrap.  In  calculating  mixtures, 
allow  1.75  to  2.00  per  cent  silicon  and  0.10  per  cent  sulphur  in 
foreign  scrap. 

SOFT    IRON 

67  For  general  car  and  railway  castings,  pulleys,  small  castings, 
and  agricultural  work. 

68  Chemical  composition:  Si  2.20  to  2.80  per  cent  (with  less  the 
castings  are  hard,  and  with  more  they  are  too  weak.)  For  large 
castings,  2.40  per  cent  is  a  good  average;  S  under  0.85;  P  under 
0.70;  Mn  under  0.70. 

69  Physical  qualities:  Transverse  strength  bar  1  inch  square  by 
12  inches  long,  2000  to  2200  pounds;  tensile  strength  18  000  to  20- 
000  pounds;  texture,  to  close  the  grain  use  as  high  a  percentage  of 
scrap  as  will  give  soft  castings. 

IRON    FOR    FRICTIONAL    WEAR 

70  Castings  for  brake  shoes,  friction  clutches,  etc. 

71  Chemical  composition:  Si  2.00  to  2.50  per  cent;  S  under  0.15 
per  cent;  Punder0.70  per  cent;  Mn  under  0.70  per  cent.  The  addition 
of  spiegeleisen  increases  hardness. 

CALCULATING  THE  COMPOSITION  OF  AN  IRON  MIXTURE 

72  A  variation  in  silicon  will  make  castings  either  hard  or  porous. 
The  grain  of  the  pig  and  the  fracture  of  scrap  are  generally  repro- 
duced in  the  casting.  The  seller  of  pig-iron  will  give  a  close  approxi- 
mation to  the  chemical  composition  of  his  iron.  The  ordinary  founder 
will  not  employ  a  chemist  to  make  exact  determinations. 

73  Whether  the  founder  uses  the  approximate  or  the  accurate 
determination  of  his  irons,  he  should  calculate  the  chemical  composi- 
tion of  his  mixture. 
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APPROXIMATE  CALCULATION 

74  Make  up  on  paper  the  desired  mixture,  using  irons  in  stock 
and  figure  from  the  analysis,  or  estimate,  of  each  pig-iron,  the 
previously  calculated  composition  of  the  home  scrap,  and  the  esti- 
mated composition  of  the  foreign  scrap.  Multiply  the  pounds  of 
each  iron  used  by  its  percentage  of  silicon  to  obtain  the  pounds  of 
silicon,  and  divide  the  aggregate  weight  of  sihcon  in  all  the  irons  by 
the  total  weight  of  iron  used,  thus  obtaining  the  percentage  of  silicon 
in  the  mixture.  Deduct  0.20  per  cent  for  loss  in  melting.  The 
remainder  is  the  silicon  in  the  casting;  and  if  this  is  too  high  or  too 
low  to  produce  the  desired  percentage,  vary  the  irons  and  figure 
again;  and  so  on  until  you  secure  a  mixture  that  will  be  satisfactory. 

PRECISE    CALCULATION 

75  To  arrive  at  the  composition  by  one  calculation:  If  you  are 
forced  to  use  certain  irons,  determine  their  weights  by  considerations 
of  economy,  or  of  stock  on  hand  (for  example,  enough  home  scrap  to 
prevent  accumulation;  enough  foreign  scrap  to  cheapen  the  mix- 
ture or  to  close  the  grain,  and  the  desired  pig  irons)  and  compute  the 
total  silicon  as  before.  Then  adjust  the  percentage  of  silicon  in  the 
mixture  by  calculation  from  two  pig  irons,  one  lower  and  the  other 
higher  in  silicon  than  the  percentage  just  computed,  as  shown  in 
the  following  example. 

76  An  actual  stove-plate  mixture  was  desired  having  3.50  per 
cent  silicon  in  a  charge  of  3000  pounds.  The  chemist's  analysis  card 
had  accompanied  each  car  of  pig  iron.  In  this  case  no  foreign  scrap 
was  used. 

Weight      Per   cent      Pounds 
in  pounds      Silicon        Silicon 

Home  scrap 900     X      3.25     =      29.25 

No.  1  foundry.... 400     X      2.50     =      10.00 

No.  2  foundry 350     X     2.18     =       7.63 

No.  3  foundry 250     X      1.53      =       3.82 


1900  50.70 

3000     X     3.50     =   105.00 

Needed 1100     X     4.94     =     54.30 

77  That  is,  we  needed  1100  pounds  of  an  iron  having  4.94  per 
cent  silicon  to  balance  the  mixture. 

78  We  had  in  stock  No.  1  soft  with  2.95  per  cent  silicon,  and  Ash- 
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land  silvery  with  7.00  per  cent  silicon;  which  balanced  for  the  4.94 
per  cent  as  follows: 

Total 
Parts 

4  94     ^'i "•  ^  °"' ^ ^.\3o  —  1 . yy  ..iuo  405 

Ashland  silvery 7.00         +2.06  199 


Differences  Balances 

No.  1  soft 2.95         -1.99  206 


1100  H-  4  05  =  2.72  pounds  =  1  part. 

206  X  2.72  =    560  pounds  of  No.  1  soft  needed. 

199  X  2 .  72  =    541  pounds  of  Ashland  needed. 
Take  550  pounds  of  each  to  make  even  weights. 

79  This  example  will  fit  almost  any  foundry  condition.  The 
result  can  be  checked  by  computing  the  silicon  in  each  iron  as 
follows: 

550  X  2.95  =  16.225 
550  X  7.00  =  38.50 
1900       =  50.70 


3000  X  3.51  =  105.42 


SO  Allowing  loss  of  silicon  0.20  gives  3.31  per  cent  sihcon  in  the 
casting.     The  actual  analysis  was  3.34. 

81  If,  on  the  other  hand,  you  have  plenty  of  each  of  the  irons  in 
stock  and  do  not  care  what  proportions  you  use,  calculate  as  follows: 


Differ- 

Balances               ,  Parts 
ences 

Total 

parts 

Home  scrap    3 .  25 

No.  1  foundry 2.50 

No.  2  foundry 2.18 

No.  3  foundry 1.53 

No.  Isoft 2.95 

-0.25    350                                         350 
-1.00            350                                  350 
-1.32                     350                           350 
-1.97                            350                  350 
-0.55                                    350          350 

2259 

Silvery    7.00 

+  3.50      5  +  100  +  132+197  +  55      509 

3000  pounds  =  2259  parts.     1  part  =  1 .  328  pound. 
Iron 


Home  scrap. . . 
No.  1  foundry. 
No.  2  foundry. 
No.  3  foundry. 

No.  1  soft 

Silvery 

Total. . . . 


Parts 

Weight 

350 

464 . 8  pounds 

350 

464.8  pounds 

350 

464.8  pounds 

350 

464.8  pounds 

350 

464.8  pounds 

509 

676.0  pounds 

.   3000.0  pounds 
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82  But  you  can  only  weigh  differences  of  fifty  pounds,  so  divide 
the  3000  into  multiples  of  50.  If  you  wish  to  do  so,  use  650  pounds 
of  home  scrap. 

Proof 

650  X  3.25  =  21.125 

450X2.50=  11.25 

450X2.18=  9.81 

450  X  1.53  =  6.88 

450X2.95=  13.28 

650  X  7.00  =  45.50 


3000  X  3.59  =  107.84 

Losses  in  Remelting 
LOSS  of  iron 

83  The  following  is  the  only  reliable  published  data  on  remelting 
losses  of  which  the  author  knows: 

84  In  a  cupola  lined  to  52  inches  one  ton  each  of  several  different 
irons  were  melted  at  one  time  with  the  results  given  below.  No  iron 
was  thrown  away,  and  the  data  are  reliable. 

Pounds  loss  Per 

Kind  of  Iron                                           per  ton  cent 
A  No.  1  Cherry  Valley  Pig  (Si  2.70  per  cent    S  0.015 

per  cent) 95  4 .  75 

B  Cleaned  new  stove  plate 159  7 .  95 

C  Cleaned  sprues  from  stove  plate 130  6. 50 

D  New  stove  plate  with  sand  on 230  11 .  50 

E  New  sprues  plate  with  sand  on 280  14 .  00 

F  Old  stove  plate  scrap  (rusty) 227  11 .35 

85  By  pickling  with  hydrofluoric  acid  it  was  found  that  33 
pounds  of  the  95  pounds  loss  of  A  was  sand  purchased  on  the  pigs. 
Milling  a  ton  of  F  just  as  purchased  showed  that  50  pounds  of  the 
227  pounds  loss  was  rust. 

Taking  results  from  A  to  F: 

Loss 

pounds  Per 
per  ton         cent 

The  calculated  loss  from  a  37  ton  heat  (72  inch  cupola) 116  5 .  80 

The  actual  loss  from  a  37  ton  heat  (72  inch  cupola) 88  4.41 

In  a  small  cupola  with  small  heats  the  loss  would  be  relatively  greater. 
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MEMORANDA  FKUM  THE  37-Ti)\  IIKAT  7L'  INCH  CUPOLA 

Shot  iron  recovered  from  the  gangway 26  pounds  per  ton  molted 

Good  sand  recovered  from  the  gangAvay Ill  pounds  per  ton  melted 

Coke  recovered  from  the  bottom 57  pounds  per  ton  melted 

Slag  tapped  out 207  pounds  per  ton  melted 

Sand  on  pig  from  pig  bed 30  pounds  per  ton  melted 

Limestone  used  as  flux 43  pounds  per  ton  melted 

TEST  BARS  ^  INCH  DIAMETER  BY  12   INCHES  LONG 

Strength  Shrinkage 

37-ton  lieat  stove  plate 380  pounds  0. 149    inches 

Remelted  cleaned  stove  plate 390  pounds  0. 162    inches 

Remelted  cleaned  plate  sprues 375  pounds  0. 158    inches 

Remelted  old  stove-plate  scrap 377  pounds  0.202    inches 

Remelted  No.  1  Cherry  Valley  pig 410  pounds  0. 149    inches 

88  In  large  stove  foundries  the  sprues  and  plate  lost  in  pouring  are 
charged  into  the  cupola  with  sand  on,  it  being  cheaper  to  melt  the 
sand  than  to  mill  it  off;  hence  the  large  amount  of  slag.  In  machine 
foundries  the  gates  and  lost  castings  being  more  bulky,  the  loss  in 
remelting  would  be  less  than  in  a  stove  foundry. 

87  Boiling  of  the  first  iron  on  the  cupola  bottom  and  in  the  green 
ladles  is  likely  to  form  a  white  core  and  gray  surface  in  the  first 
castings;  therefore  pour  unimportant  work  with  the  first  500  pounds. 

LOSS    OF    OTHER    CONSTITUENTS 

88  By  remelting,  carbon  is  very  rarely  increased,  and  is  generally 
decreased;  more  of  it  is  in  combined  form  than  before  because  the 
cupola  is  not  as  hot  as  the  blast  furnace,  and  because  the  sulphur  is 
increased. 

89  Silicon  decreases  about  0.20  per  cent;  sulphur  increases  about 
0.03  per  cent;  phosphorus  remains  constant;  and  manganese  decreases 
about  0.15  per  cent;  when  in  the  casting  it  is  0.50  per  cent. 

90  By  using  percentages  of  sulphur,  phosphorus  and  manganese 
as  in  the  proof,  we  can  find  the  percentages  of  these  elements  in  the 
casting.  The  object  of  varying  the  chemical  composition  is  to  con- 
trol the  shrinkage,  hardness  and  grain  of  the  casting,  and  we  must 
test  these  physical  qualities  to  ascertain  the  result  of  the  chemical 
variation. 

91  For  the  mixture  first  calculated,  a  test  bar  ^  inch  square  by 
12  inches  long  gave  a  strength  of  430  pounds;  shrinkage  0.126;  chill 
0.06,  and  hardness  23  degrees. 

The  analysis  was:  T  C  3.43,  CC  3.27,  CdC  0.16,  Si  3.15,  P  0.958, 
S  0.055  per  cent. 
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MECHANICAL   ANALYSIS 

92  Turning  the  above  the  other  way,  we  find  that  a  shrinkage  of 
0.126  resulted  from  3.15  per  cent  sihcon.  We  also  know  that  a 
decrease  of  silicon  increases  shrinkage  and  vice  versa;  therefore,  if 
the  shrinkage  rises  above  0.126,  we  must  increase  the  silicon  by  using 
more  of  some  iron  high  in  silicon  to  bring  it  back,  and  if  it  drops 
below  0.126  we  can  use  more  scrap  or  hard  irons,  thereby  decreasing 
the  silicon  and  cheapening  the  mixture. 

93  This  regulating  the  silicon  from  the  physical  end  is  a  mechani- 
cal analysis;  and  it  is  the  only  one,  since  shrinkage  is  the  only  physi- 
cal quality  that  varies  with  a  variation  of  silicon.  Mechanical  analy- 
sis is  quick  and  inexpensive.  It  can  be  used  by  any  founder  and 
goes  directly  to  the  spot  without  any  chance  of  mistake. 

DISCUSSION 

Mr.  G.  R.  Brandon  Having  had  many  years  experience  in  the 
manufacture  of  the  Whiting  cupolas  and  being  in  constant  touch 
with  operators  of  these  cupolas,  Mr.  Keep's  paper  has  been  of  especial 
interest  to  me.     I  desire  to  comment  on  several  points  he  raises: 

2  Cupola  linings  commonly  consist  of  backing  brick  next  to  the 
shell,  blocks  4^  inches  or  6  inches  thick  forming  the  inside  lining, 
coming  in  contact  with  the  heat  and  having  to  withstand  the  abrasive 
action  of  the  stock  in  descent  from  charging  door.  The  blocks  are 
usually  of  volume  equal  to  about  3  "square"  bricks,  and  prices  are 
practically  the  same,  the  volume  being  considered.  In  setting  lin- 
ing the  work  may  be  accompUshed  more  quickly  and  cheaply  with 
blocks;  and,  on  account  of  the  fewer  joints  exposed  to  the  action  of 
the  heat,  inner  linings  last  longer  when  composed  of  blocks  than  of 
the  same  quality  of  "square"  and  arch  brick. 

3  The  usual  instructions  to  operators  of  cupolas  are  to  maintain 
inside  walls  of  Unings  vertical  and  cylindrical  in  section  from  bot- 
tom plate  to  charging  door,  and  to  pick  out  slag  attached  to  brick 
before  each  heat  and  apply  daubing  mixture.  The  simplicity  of  this 
procedure  is  its  greatest  recommendation;  but,  as  safety  from  "hang- 
ups" is  assured  if  cupola  is  operated  properly  in  other  respects,  the 
very  doubtful  benefit  derived  from  reduced  bosh  and  enlarged  melting 
zone  may  be  disregarded. 

4  Twyers  may  be  located  so  that  any  suitable  quantity  of  molten 
metal  may  be  accumulated  in  the  cupola  before  tapping.  In  the 
converter  processes  for  steel  castings  iron  is  first  melted  in  cupolas 


920  FOUNDRY    Cl'POLA    AND    IRON    .MIXTURES 

and  it  is  usual  to  collect  the  entire  amount  for  a  charge  in  the  cupola 
before  tapping  out,  the  twyers  being  set  to  permit  this  accumulation. 

5  The  lower  the  twyers,  the  less  the  amount  of  fuel  on  the  bed 
and  the  greater  the  economy.  It  must  be  remembered,  however,  that 
fuel  in  bed  serves  the  purpose  of  heating  up  the  cupola  and  sufficient 
must  be  charged  to  accomplish  this  result,  whatever  the  height  of 
twyers. 

6  The  standard  twyers  of  Whiting  cupola  are  flaring,  the  open- 
ing at  the  inside  of  Uning  being  wide,  horizontally,  and  comparatively 
narrow,  vertically.  The  adjacent  twyers  in  the  lower  row  almost 
meet,  practically  forming  a  complete  annular  inlet. 

7  One  frequent  cause  of  "run-outs"  through  bottom  doors  is  the 
use  of  overhanging  linings.  The  sand  of  the  bottom  not  being  tucked 
properly  under  the  projecting  lining  at  all  points,  the  molten  metal 
cuts  through  in  a  weak  spot.  In  this  emergency  a  tap  hole  should  be 
opened,  all  molten  metal  drained  out  and  a  stream  of  water  directed 
on  the  hole  through  the  bottom  to  "freeze  it"  Plugging  the  hole 
with  clay  will  allow  the  completion  of  the  heat. 

8  For  cupolas  with  84-inch  shell,  and  larger,  a  mechanical  charging 
machine  can  be  used  and  the  labor  of  charging  greatly  reduced. 
Records  show  that  two  men  with  this  machine  can  charge  a  cupola 
melting  18  to  20  tons  per  hour,  whereas,  without  the  machine,  five 
or  six  men  would  have  been  required. 

9  I  have  never  known  of  records  of  actual  operation,  showing  as 
high  a  ratio  of  iron  to  fuel  as  18  to  1.  This  would  be  practically 
impossible  with  our  wheels.  Mixtures  for  car  wheels  are  low  in 
siHcon  and,  consequently,  the  molten  metal  lacks  fluidity  and  must 
be  very  hot  when  tapped,  and  poured  quickly.  Steel  is  now  gen- 
erally used  in  car  wheel  mixtures  and  this  requires  more  coke.  Pigs 
and  large  scrap  are  generally  considered  to  require  more  fuel  than 
broken  pigs  and  smaller  scrap.  We  have  a  record  covering  eleven 
months  operation  in  which  over  13  000  tons  were  melted  for  car 
castings,  the  ratio  of  iron  to  fuel  being  to  10.31  to  1.  These  results 
have  always  been  considered  excellent. 

Mr.  E.  H.  Foster  In  an  issue  of  the  Engineer  of  London,  March 
23,  1900,  is  a  description  of  a  cupola  liner  which  was  later  patented  in 
the  United  States  under  serial  number  651  703. 

2  While  visiting  a  foundry  in  London  where  the  liner  was  de- 
veloped, the  owner  took  me  up  to  the  charging  floor  of  a  cupola 
which  was  being  cleaned,  and  asked  me  to  guess  the  material  forming 
the  linino;.     On  looking  down  through  the  charging:  door  the  internal 
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surface  of  the  cupola  was  perfectly  clean,  free  from  any  projections, 
of  a  grayish-white  color,  and  divided  off  into  squares  resembling  tile. 
It  was  difficult  to  tell  just  what  the  material  of  the  Hning  was.  It 
resembled  somewhat  an  enameled  tile  in  appearance  and  was  much 
too  clean  and  unbroken  to  be  fireclay. 

3  As  a  matter  of  fact  the  Uning  was  made  of  cast  iron,  built  up  in 
hollow  blocks  of  radial  brick  form.  It  was  claimed  that  it  had  Vjeen 
in  use  for  19  months,  and  that  the  cupola,  which  was  a  No.  5  Stewart 
Rapid,  was  formerly  rated  at  four  tons  per  hour,  but  that  after  lining 
with  the  cast  iron  hollow  bricks  five  tons  per  hour  were  easily  gotten 
out  of  it. 

4  Besides  increase  of  capacity  there  M'as  a  saving  in  time  for 
repairs,  also  in  the  use  of  ganister.  The  perfectly  smooth  surface 
prevents  all  tendency  to  hang-up,  and  after  each  run  the  surface  can 
be  swept  clean.  Furthermore,  there  is  no  danger  of  such  a  lining 
becoming  broken  by  the  charging  process.  It  seems  that  such  a  lining 
can  be  easily  applied  to  almost  any  type  of  cupola. 

5  Several  cupolas  in  England  are  so  lined,  but  I  do  not  know  of  any 
in  this  countr^^ 

Prof.  W.  W.  Bird  It  has  been  the  writer's  experience  that  many 
questions  are  asked  in  regard  to  the  use  of  scrap  in  foundry  mixtures. 
One  point  that  has  not  been  brought  out  is  this:  we  understand  that 
silicon  is  used  in  foundry  mixtures  for  the  purpose  of  making  castings 
soft  for  machining.  In  the  paper  it  is  stated  that  it  is  best  to  select 
the  scrap  according  to  the  thickness  of  the  castings  to  be  made.  In 
selecting  scrap  it  is  a  very  simple  matter  to  specify  that  the  material 
should  give  some  evidence  of  having  been  machined,  and  that,  if 
this  evidence  is  present,  then  the  percentage  of  silicon  must  be  some- 
where near  the  proper  amount  for  that  thickness.  This  test  should 
be  included  in  the  specifications.  Then  we  will  have  something  that 
will  correspond  to  the  chemical  analysis. 

The  Author  So  far  as  the  walls  of  the  cupola  are  concerned,  most 
of  the  cupolas  in  the  market  are  straight  and  very  much  alike. 
I  simply  presented  this  construction  as  one  that  has  done  good  work. 
I  know  that  those  who  used  the  straight  wall  cupola  get  just  as  good 
results.  I  will  change  the  melting  ratio  in  my  paper  from  18  to  10 
tol. 

2  Answering  Professor  Bird's  remarks  in  regard  to  the  scrap,  I 
agree  with  him  if  it  could  be  done.  If  a  piece  of  scrap  is  about  the 
size  of  the  casting,  and  of  the  grain  that  j^ou  expect  the  casting  to 
have,  remelting  the  scrap  will  close  the  grain,  partly  on  account  of  the 
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sulphur  that  is  in  it,  and  partly  on  account  of  the  low  heat  used  in 
remelting. 

3  There  seems  to  be  a  great  variety  of  opinions  among  foundry- 
men  as  to  the  practical  use  of  borings.  It  is  a  matter  of  fact,  how- 
ever, that  all  who  have  endeavored  to  close  the  grain  of  iron  and  pre- 
vent sponginess  have  found  the  use  of  cast  iron  borings  successful.  It 
was  a  patent  process  by  Mr.  Whitney,  the  car  wheel  manufacturer, 
but  the  patent  has  expired  and  it  is  now  public  property.  It  seems  to 
be  one  of  the  suggestions  that  always  helps  the  foundryman  out  of 
trouble. 

4  In  regard  to  the  recover}^  of  the  iron  from  the  borings,  they 
should  be  treated  in  the  way  which  Mr.  Whitne}^  suggested.  Pack 
them  in  boxes  holding  100  lb.,  nailing  the  cover  on  tight,  and  then 
charge  them  just  the  same  as  100  lb.  of  iron.  It  is  obvious  that  the 
boxes  will  reach  the  melting  point  without  being  burned,  and  when 
they  reach  the  free  oxygen  the  wood  will  burn  off  and  the  borings  will 
come  out  in  small  quantities  and  there  will  he  ver}^  little  loss.  I  pre- 
sume about  10  per  cent  would  be  the  maximum  loss  and  sometimes  it 
would  be  less. 

5  Answering  Mr.  Smith's  inquiry  in  regard  to  a  one-inch  bar:  It 
will  be  difficult  to  reply  to  the  question  except  in  a  general  way. 
The  strength  per  square  inch  of  a  test  bar  is  in  proportion  to  its  size, 
that  is,  to  its  rate  of  cooling.  An  inch  square  bar  is  stronger  propor- 
tionally than  one  or  two  ifiches  square;  the  exact  relations  between 
the  strengths  cannot  be  arrived  at  by  the  formula  ordinarily  used. 

6  At  the  meeting  in  Chicago  in  1904  I  presented  a  table  which  is 
not  only  interesting,  but  is  very  useful,  giving  multipliers  and  divi- 
sors by  which  the  strength  of  bars  of  different  sizes  can  be  calculated. 

7  As  to  casting  a  test  bar  vertically  or  horizontally,  my  impression 
was  that  a  test  bar  cast  vertically  was  stronger  than  when  cast  flat- 
wise. The  experiments  made  by  our  former  testing  committee,  how- 
ever, showed  the  contrary  to  be  true. 

8  Several  years  ago  I  was  asked  by  a  Western  university  to 
make  a  number  of  test  bars  for  them  to  determine  the  influence  of 
aluminum  which  we  added  to  our  iron  and  I  cast  them  vertically, 
supposing  it  would  give  them  more  strength,  and  then  in  order  to 
have  the  test  bars  look  well,  I  put  them  in  a  tumbUng  mill  and  made 
them  smooth.  The  result  was  that  those  test  bars  proved  to  be  so 
strong  that  I  nevfer  heard  the  result  of  the  tests.  I  found  out  after- 
ward, however,  by  Mr.  Outerbridge's  experiments,  that  the  tumbling 
of  cast  bars,  or  the  tumbling  of  any  other  casting,  increases  the 
strength  of  the  material  perhaps  25  per  cent. 
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FOUNDRY  BLOWER  PRACTICE 

By  WALTER  B.  SNOW,  BOSTON,  MASS. 
Member  of  the  Society 

Modern  foundry  practice  in  the  melting  of  metals  is  funda- 
mentally dependent  upon  the  blower.  As  the  successor  of  the  blow- 
pipe and  the  bellows,  it  has  made  possible  the  massing  of  fuel  in 
large  quantities,  with  greater  imposed  resistance,  the  production  of 
higher  temperatures,  and  the  better  utilization  of  the  heat  in  the 
furnace. 

2  The  primary  function  of  a  blower  is  to  move  air  against  resist- 
ance. Its  performance  is  dependent  upon  the  relation  expressed  by 
the  formula: 

V  =  i/2ih  [1] 

in  which  V  =  velocity  in  feet  per  second 

h  =  head  in  feet 

g  =  acceleration  due  to  gravity  =  32. IG 


or 


V=^2g|l  [2] 


when  h  is  expressed  in  terms  of  ??  =  pressure  and  d  =  density. 
3     When  applied  under  the  conditions  of 

J)  =   pressure  in  ounces  per  square  inch 

d   =   density  or  weight  per  cubic  foot  of  dry  air  at  50 

degrees  fahr.  and  under  atmospheric  pressure  of  14.69  pounds  or  235 
ounces  =  0.077884  pounds,  formula  [2j  becomes 


V  =    J  64.32  X PX^^^        - t^l 

16  X  0.077884  X  —  ^  P 
235 

Presented  at  the  New  York  Meeting  (December  1907)  of  The  American 
Society  of  Mechanical  Engineers  and  forming  part  of  Volume  29  of  the  Transac- 
tions. 
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which  reduces  to 

V 


1  746  659  X  p 
\        235  +  p 


[4] 


Allowance  is  evidently  made  therein  for  compression  of  air  but  not 
for  change  of  temperature  during  discharge. 

4  The  velocities  in  the  basis  Table  1  were  calculated  by  this 
formula. 

5  The  tabulated  volume  is  in  each  case  the  product  of  velocity  and 
effective  area. 

TABLE  1 
Relations  of  Pressure,  Velocity,  Volume  and  Horse  Power 


PRESSURE  PER 
SQ.  IX.       OZ. 

velocity  of  dry  air  at  50  degrees 
fahr.  escaping  into  outer  sys- 
tem  through  any   shaped   ori- 
FICE 

'volume  DISCHARG- 
ED IN    ONE    MIN- 

'       UTE        THROUGH 
AN  ORIFICE  HAV- 
ING      EFFECTIVE 

HORSE    POWER  RE- 
QUIRED TO  MOVE 
GIVEN      VOLUME 

UNDER    GIVEN 

Feet  per  niin.           Feet  per  sec. 

AREA  OF  ONE  SQ. 
IN.       CU.  FT. 

CONDITIONS 

1 

86.03                       5  161.7 
121.41             1            7  284.4 
148.38                        8  902.8 
170.98                     10  258.6 

190.76  11  445.5 

208.53                     12  511.9 

224.77  13  486.4 
239.80                      14  387.9 
253.83                     15.229.6 
267.00           1         16  020.4 

1 

279.70           {          16  768.1 

291  30            '          17  <17S  9 

35.85 
50.59 
61.83 
71.24 
79.48 

86.89 

93.66 

99.92 

105.76 

111.25 

116.45 
121.38 
126.06 
130.57 
134.89 

139.03 
143.03 
146.88 
150.61 
154.22 

0.00978 

0.02759 
0.05058 
0.07771 
0.1084 

0.1422 
0.1788 
0.2180 
0.2596 
0.3034 

0.3493 
0.3972 
0.4470 
0.4986 
0.5518 

0.6067 
0.6631 
0.7211 
0.7804 
0.8412 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

302.59 
313.38 
323.73 

333  68 

18  155.2 

18  802.7 

19  423.6 

20  020  7 

17 

18 

19 

20 

343.26 
352.52 
361.46 
370.13 

20  595.8 

21  151.0 

21  687.8 

22  207.5 

6  The  theoretical  horse  power  is  the  product  of  pressure,  velocity 
and  effective  area. 

7  For  refined  work,  or  under  conditions  of  wide  variation  from 
the  basis  of  the  table,  corrections  .should  bo  ma(l(^  for  differenres  in 
humidity  and  temperature. 

8  In  the  ordinary  processes  of  the  foundry,  where  iron  or  the  less 
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refractory  metals  arc  to  be  reduced,  the  resistance  of  the  crucible, 
air,  or  cu])ola  furnace  will  roughly  range  from  somewhat  above  one 
ounce  to  a  possible  but  usually  unnecessary  pressure  in  excess  of  20 
ounces  per  square  inch. 

9  Up  to  about  S  ounces  the  fan  ])lower  cannot  be  excelled  for 
convenience  and  efficiency.  From  8  to  16  ounces  the  field  is  fairly 
divided  between  the  fan  and  the  rotary  types,  the  advantage  grad- 
ually shifting  from  the  former  to  the  latter  as  the  pressure  increases. 
Above  16  ounces  the  superiority  of  the  rotary  type  is  manifest,  until 
it  in  turn  encroaches  upon  the  efficient  field  of  the  blowing  engine  at 
about  5  pounds;  a  pressure  far  in  excess  of  the  practical  requirements 
of  the  foundry.  The  air  compressor,  as  an  aid  to  combustion,  is 
economically  useful  only  in  connection  with  the  burning  of  liquid  fuel. 

10  The  fundamental  differences  between  the  fan  and  the  rotary 
type  of  blower  he  in  the  manner  of  creating  pressure  and  in  the  effect 
of  resistance. 

11  In  the  fan  type,  velocity  is  given  to  the  air  in  its  passage  from 
the  inlet  to  the  circumference  of  the  revolving  wheel.  This  is  trans- 
formable into  pressure  with  corresponding  density  within  the  enclos- 
ing case  and  connections;  the  pressure  being  dependent  upon  the 
number  of  revolutions.  In  the  case  of  a  fan  blower  at  constant 
speed,  the  volume  and  power  decrease  as  the  resistance  increases. 
When  the  outlet  is  closed,  the  wheel  continues  to  revolve  at  the  same 
speed,  but  without  effective  delivery,  and  with  minimum  power 
expenditure. 

12  In  the  rotary,  or  so  called  "positive"  type,  air  in  regularly 
succeeding  volumes  is  imprisoned  by  one  or  more  enclosed  revolving 
impellers,  and  forced  forward  against  the  imposed  resistance.  It  is 
thereby  compressed  to  a  density,  and  given  a  pressure  proportionate 
to  that  resistance.  This  pressure  is  fundamentally  independent  of 
the  number  of  revolutions.  The  delivery  remains  practically  con- 
stant for  a  given  speed  as  long  as  discharge  is  permitted,  while  the 
power  expenditure  increases  with  the  resistance.  When  the  outlet 
is  closed,  the  power  required  is  at  the  maximum,  and  the  displace- 
ment, though  ineffective,  is  just  equal  to  the  slip;  up  to  the  hmit  of 
power  to  drive  and  of  strength  to  endure. 

13  The  construction  and  proportions  of  a  prevalent  type  of  cupola 
fan  blower  are  illustrated  in  Fig.  1.  The  casing  and  wheel  are  pro- 
vided with  two  inlets,  which,  in  ordinary  construction,  are  about  one 
half  the  diameter  of  the  wheel.  The  width  of  such  a  wheel  at  its 
periphery  ranges  from  5  to  8  per  cent  of  the  diameter,  the  width 
between  side  plates  at  the  inlet  being  approximately  one  sixth  of 
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the  diameter.  From  G  to  8  major  blades  extend  from  inlet  to  cir- 
cumference; between  these  are  one,  two  or  tiiree  times  as  many  minor 
blades  of  about  one  half  the  radial  length.  All  blades  are  slightly 
curved  backwards  at  the  circumference  of  the  wheel.  The  cast  iron 
casing  is  of  involute  form,  its  greatest  diameter  being  approximately 
If  times  the  diameter  of  the  enclosed  wheel. 

14  In  the  volume  type,  designed  for  much  lower  pressures,  such 
as  are  required  in  air  furnace  operation,  the  peripheral  width  of  the 
wheel  ranges  from  20  to  40  per  cent  of  its  diameter.  The  casing  is 
often  of  steel  plate. 

15  Refined  consideration  of  blower  design  is  not  necessary  in  a 
discussion  of  foundry  blower  practice,  but  a  knowledge  of  fundamen- 
tal principles  and  empirical  relations  is  essential  to  a  clear  under- 
standing of  the  subject. 

16  The  manufacturers'  rating  of  the  type  of  blower  shown  in  Fig. 
1  is  based  upon  the  greatest  effective  area  over  which  it  will  maintain 
the  maximum  velocity  of  chscharge.  As  originally  estabhshed  by 
Sturtevant,  this  "capacity  area"  or  "square  inches  of  blast"  is 
represented  by  the  empirical  formula 

Capacity  area  = [5] 

in  which      D  =  diameter  of  wheel  in  inches 

W  =   width  of  wheel  at  circumference  in  inches. 

17  This  formula  was  derived  from  the  pressure  type  of  fan  blower 
The  value  of  the  divisor  must  necessarily  vary  with  the  proportions 
of  the  wheel,  the  number  of  inlets,  the  number  and  curvature  of  the 
blades,  and  the  form  of  the  enclosing  case.  But  as  a  merely  arbitrary 
basis,  the  formula  has  been  generally  accepted  for  the  ready  compari- 
son of  wheels  of  substantially  the  same  type. 

18  Manifestly  the  maximum  velocity  of  discharge  will  create  the 
maximum  total  pressure.  As  a  factor  in  the  manufacturers'  rating 
this  attainable  velocity  has  been  accepted  as  being  equal  to  the  cir- 
cumferential speed  of  the  wheel.  This  assumption  is  by  no  means 
universally  correct. 

19  Recent  developments  in  fan  construction  with  very  large 
inlets,  numerous  shallow  blades,  and  unusual  width,  show  discharge 
velocities  far  in  excess  of  the  circumferential  speed,  approximating 
a  theoretical  maximum  of  twice  that  speed.  But  successful  applica- 
tion of  such  fans  has  not  yet  been  made  under  the  resistance  obtaining 
in  cupola  practice. 

20  It  is  evident  that,  disregarding  the  effect  of  changes  in  density 
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and  temperature,  the  following  i-elations  should  hold  for  a  given  fan 

with  constant  capacity  area: 

a  the  volujiie  varies  directly  as  the  revolutions, 

b  the  pressure  varies  directly  as  the  square  of  the  revolutions, 

c  the  power  varies  directly  as  the  cube  of  the  revolutions. 

21  These  relations  clearly  point  to  the  economic  desirability  of 
closely  proportioning  the  fan  to  the  work  it  is  to  perform.  An 
increase  of  only  25  per  cent  in  the  speed,  which  may  be  necessitated 
by  deficiency  in  the  volumetric  capacity  of  a  given  fan,  nearly  doubles 
the  power  required,  and  creates  a  pressure  more  than  50  per  cent  in 
excess  of  that  at  normal  speed.  It  is  seldom  that  the  sum  of  fixed 
charges  and  operating  expense  cannot  be  materially  reduced  by  sub- 
stituting a  larger  and  more  costly  fan  for  one  that  must  be  run  at 
unnecessary  speed  to  deliver  the  required  volume. 

22  The  speed  of  a  fan  is  usually  fixed,  and  variations  occur  only  in 
the  effective  area  of  discharge.  In  cupola  practice  such  variation  is 
extensive,  and  changes  often  succeed  each  other  with  frequency. 
Hence  it  is  difficult  to  proportion  the  fan  to  secyre  the  most  econom- 
ical average  performance.  It  must  have  capacity  to  deliver  the 
required  volume  under  the  greatest  resistance,  toward  the  end  of  the 
heat,  but  the  power  provided  must  be  sufficient  to  drive  it  during  the 
early  part  of  the  heat  when  there  is  less  resistance,  greater  delivery 
and  consequently  more  work  to  be  done. 

23  For  the  ordinary  type  of  fan  it  has  been  generally  accepted 
that  within  the  capacity  area 

a  The  velocity  and  pressure  are  maximum  and  constant. 
b  The  volume  and  horse  power  are  proportional  to  the  area. 

24  These  relations  are  only  approximate,  as  is  evident  from  Fig. 
2.  The  curves  are  characteristic  of  an  individual  instance  in  which 
the  fan  ran  at  constant  speed  while  discharging  through  various  out- 
let areas.  All  values  are  relative  to  the  performance  at  capacity 
area.  Changes  in  the  proportion  or  the  speed  of  the  fan  would  mate- 
rially affect  these  relations,  causing  them  to  approach  or  recede  from 
the  conditions  expressed  in  the  preceding  paragraph,  and  shifting 
the  point  of  maximum  efficiency. 

25  These  curves  serve  to  show  that 

a  Maximum  efficiency  in  power  and  pressure  are  secured  at 

or  near  the  capacity  area. 
b  The  power  per  unit  of  volume  and  the  pressure  decrease  as 

the  discharge  area  and  volume  increase. 
c  With  closed  outlet  the  power  is  approximately  one  third  of 

that  at  capacity  area. 
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26  From  the  preceding  it  must  be  manifest  that  no  simple  exact 
basis  of  calculation  can  be  established  for  varying  fan  proportions 
and  conditions.  For  all  practical  purposes,  however,  the  manu- 
facturer's basis,  although  only  approximately  correct,  is  sufficiently 
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FIG.  2 

Relative  Performance  of  a  Fan  at  Constant  Speed  with  Variable  Outlet  Area 


accurate,  particularly  in  cupola  practice,  where  operation  at  or  near 
the  capacity  area  is  essential. 

27     Upon  this  basis  Table  2  has  been  calculated  to  show  the  per- 
formance at  capacity  area  per  inch  of  peripheral  width  of  typical 


930 


FOUNDRY    BLOWER    PRACTICE 


diameters  of  cupola  fan  blowers.  Basic  values  are  taken  from  Table 
1,  the  air  being  dry,  and  of  50  degrees  fahr.  temperature;  the  velocity 
of  discharge  is  taken  as  equal  to  the  circumferential  speed  of  the 
wheel,  and  the  power,  as  double  the  theoretical.  While  50  per  cent 
efficiency  is  below  that  which  may  be  attained  in  good  cupola  instal- 
lations, it  is  always  desirable  to  provide  ample  surplus  above  the 
power  required  at  capacity  area.  Even  a  change  of  50  degrees  from 
the  ordinary  inlet  temperature  makes  a  difference  of  about  10  per 
cent  in  the  power. 


TABLE  2 
,  Performance  op  Cupola  Fan  Blowers  at  Capacitt  Area  per  Inch  of  Peripheral  Width 


DiAM.  of 

WHEEL 

INCHES 

CAP.   AREA 

SQ.     INS. 


18  in. 
6  sq.  in. 


24  in. 
8  sg.  in. 


r.p.m. 

cu.  ft. 

h.p. 

r.p.m. 

cu.  ft. 

h.p. 


30  in.  f'-P-^- 

,.  J  cu.  ft. 

10  sq.  m.    1  ,  ^^ 


36  in. 

12  sq.  ia 


42  in. 
14  sq.  in 


48  in. 
16  sq.  in. 


r.p.m. 

cu.  ft. 

h.p. 


r.p.m. 

cu.  ft. 

L.p. 

r.p.m. 

cu.  ft. 
h.p. 


TOTAL   PRESSDRE   IN    OUNCES    PER   SQUARE    INCH 


2660.0 

520.0 
1.7 

2000.0 

700.0 

2.3 


2860.0 

660.0 

2.1 

2150.0 

750.0 

2.9 


3050.0 

600.0 

2.6 

2290.0 

800.0 

3.5 


1590.0  1720.0  1830.0 

870.0    940.0  1000.0 

2.8        3.6        4.4 


1330.0  1430.0 

1040.0  1120.0 

3.4        4.3 

1140.0  1230.0 

1220.0  1310.0 

3.9        6.0 


1000.0 

1390.0 

4.5 


1070.0 

1500.0 

6.7 


10 


3230.03400.0 
640.0    670.0 

3.1  3.6 

2420.0  2550.0 
850.0  890.0 

4.2  4.9 

1940.0  2040.0 

1060.0  1110.0 

5.2   6.1 


1630.0  1620.0  1700.0 

1200.0  1270.0  1340.0 

5.2    6.2    7.3 


1310.0 

1400.0 

6.1 

1160.0 

1600.0 

7.0 


1380.0 

1480.0 

7.3 

1210.0 

1690.0 

8.3 


1460.0 

1560.0 

8.5 

1270.0 

1780.0 

9.7 


11 


12 


3660.0  3710.0 
700.0;  730.0 

4.2j   4.8 

2670.0  2780.0 

930.0  970.0 

6.6   6.4 

2140.02230.0 

1160.0  1210.0 

7.0   7.9 

1780.0  1860.0 

1400.0  1460.0 

8.4   9.5 


1630.0 

1630.0 

9.8 

1330.0 

1860.0 

11.2 


1590.0 

1700.0 

11.1 

1390.0 

1940.0 

12.7 


13 


3860.0 

760.0 

5.4 

2890.0 

1010.0 

7.1 


14 


15 


3990.0 

780.0 
6.0 


2990.0 

1040.0 

8.0 


2310.0  2390.0 
1260.0  1310.0 


8.9 


10.0 


4120.0 

810.0 

6.6 


3090.0 
1080.0 


16 


4250 . 0 

830.0 

7.3 

3190.0 

1110.0 

9.7 


2470.0  2550.0 

1350.0  1390. 0 

11.0,  12.1 


1930.0  2000.0  2060.0  2120.0 

1510.0  1570.0  1620.0  1670.0 

10.7   11.9   13.2   14.5 


1650.0 

1770.0 

12.5 

1460.0 

2020.0 

14.3 


1710.0 

1830.0 

13.9 

1500.0 

2090.0 

16.9 


1770.0 

1890.0 

16.4 

1550.0 

2160.0 

17.7 


1820.0 

1950.0 

17.0 

1590.0 

2230.2 

21.0 


28  Characteristic  types  of  single  and  double  impeller  rotary 
blowers  are  presented  in  Fig.  3  and  4.  Numerous  other  designs  are, 
or  have  been,  in  use. 

29  In  the  type  shown  in  the  skeleton  cross-section  in  Fig.  2,  the  sin- 
gle impeller  is  made  up  of  three  diamond  shaped  blades  extending  from 
a  central  web.  On  either  side  of  the  web  a  stationary  core  fills  the 
space  within  the  inner  circumference  of  the  blades,  forming  in  con- 
nection with  the  enclosing  case  an  annular  space  within  which  they 
revolve.     The  rotor  which  co-incidentally  revolves  in  the  smaller 
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portion  of  the  casing,  successively  provides  pockets  to  receive  and 
pass  the  revolving  impeller  blades  to  the  suction  side  of  the  blower, 
without  allowing  the  escape  of  compressed  air.  The  rotor  is  in  effect 
an  idler  which  calls  for  no  power  expenditure  other  than  that  required 
to  overcome  friction. 

30     In  the  type  shown  in  Fig.  4,  both  impellers  are  symmetrical 


FIG.  3     ROTARY  BLOWER 
SiNGiJE  Impeller,  Triple  Bladed  Type 


and  counterparts  of  each  other.  The  surfaces  are  so  formed,  and  the 
impellers  are  so  located  on  their  respective  shafts,  as  to  permit  of 
rotation  with  uniform  clearance,  and  without  metallic  contact. 
Release  of  air  on  the  discharge  side  of  each  impeller  is  practically 
coincident  with  the  cut-off  of  admission  on  the  inlet  side. 
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31  In  both  types,  the  air  passing  through  the  inlet  is  imprisoned, 
and  carried  forward  to  the  outlet  side.  Here  it  meets  and  mingles 
with  an  air  of  greater  density,  already  compressed  by  previous  action 
of  the  impellers.     Equalization  of  pressure  instantly  results.     As  a 


FIG.  4    ROTARY  BLO^VER  . 
Double  Impeller  Type 


consequence,  there  is  more  or  less  fluctuation  coincident  with  the 
revolutions  of  the  blower.  The  degree  of  fluctuation  depends  upon 
the  ratio  between  the  released  volume  and  the  total  volume  under 
compression,  and  also  upon  the  extent  to  which  the  air  has  been 
previously  compressed  in  transit  through  the  blower.     This  occurs 
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in  the  case  of  the  single,  but  not  of  the  double  impeller  type  here 
illustrated. 

32  The  theoretical  relations  which  prevail  in  the  case  of  a  rotary 
blower  having  a  fixed  free  area  of  discharge  and  no  slip,  are  identical 
with  those  already  specified  for  the  fan  t5^e  operating  within  its 
capacity  area,  namely;  the  volume,  and  consequently  the  velocity, 
vary  as  the  number  of  revolutions,  the  pressure  varies  as  the  square, 
and  the  power  as  the  cube  of  the  revolutions.  But  here  the  similar- 
ity ends,  for  in  the  fan  the  number  of  revolutions  is  an  essential  func- 
tion of  the  pressure,  while  in  the  rotary  blower  they  are  entirely 
independent.  In  other  words,  material  change  of  total  pressure  with 
the  fan  type  can  only  be  secured  within  the  capacity  area  by  change 
in  revolutions,  while  with  the  rotary  type,  great  range  in  pressure  is 
attainable,  at  constant  revolutions  by  merely  varying  the  resistance. 

33  Under  conditions  of  constant  speed,  and  variable  outlet  or 
resistance,  the  performance  relations  of  a  theoretically  perfect  rotary 
blower  are  as  follows,  the  effect  of  changes  in  temperature  and  density 
being  disregarded: 

a  The  volume  is  constant. 

b  The  velocity  varies  inversely  as  the  effective  outlet  area. 

c  The  pressure  varies  inversely  as  the  square  of  the  outlet 

area,  hence  as  the  square  of  the  velocity. 
d  The  power  varies  directly  as  the  pressure. 

34  But  the  mechanical  necessity  of  clearance,  and  the  consequent 
slip  or  backward  leakage,  affect  these  relations  particularly  as  the 
conditions  depart  from  the  field  of  maximum  efficiency.  The  slip  is 
theoretically,  and  in  practice,  approximately  proportional  to  the 
square  root  of  the  pressure  difference  between  the  atmosphere  and 
the  imprisoned  air,  that  is,  to  the  velocity  which  it  creates.  It 
therefore  results  that  the  volumetric  efficiency  decreases  as  the 
pressure  increases. 

35  Fig.  5  presents  characteristic  curves  showing  relative  per- 
formance of  a  single  impeller  blower  of  the  type  illustrated  in  Fig.  3. 
The  rapid  drop  in  mechanical  efficiency  at  pressures  below  one-half 
pound  is  manifest. 

36  The  performance  of  a  two  impeller  type,  like  Fig.  4,  at  different 
speeds  and  resistances,  is  illustrated  by  the  curves  in  Fig.  6.  Volumes 
and  horse  powers  are  relative. 

37  Under  specific  conditions  of  constant  speed  and  resistance,  it 
might  be  possible  to  establish  the  superiority  of  one  type  of  blower 
above  the  other,  based  primarily  upon  first  cost  and  operative  effi- 
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ciency.  But  conditions  vary  as  do  blowers,  which  for  commercial 
reasons  are  built  in  stated  sizes  from  which  selection  must  be  made. 
Hence  the  problem  is  complicated,  and  the  solution  becomes  to  a 
considerable  degree  dependent  upon  the  intangible  factor  of  "  adapt- 
ability." 

38     With  no  purpose  of  definition  as  to  advantages  or  disadvan- 
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Relative  Performance  of  a  Single  Impeller  Rotart  Blower  at  Constant  Speed 

WITH  Variable  Resistance 

tages,  the  characteristics  of  the  two  types  operating  within  practical 
limits  may  be  thus  summarized  and  contrasted: 

39  With  a  fan  blower  the  maximum  pressure  is  determined  by 
the  number  of  revolutions;  with  a  rotary  blower  it  depends  upon 
existing  resistance  or  the  weighting  of  the  relief  valve. 

40  The  volume  discharged  by  a  fan  blower  is  dependent  upon  the 
outlet  area  and  the  corresponding  pressure;  in  the  rotary  type  it 
is  independent  of  both. 
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41  The  maximum  power  is  required  when  a  fan  blower  discharges 
against  the  least,  and  when  a  rotary  blower  discharges  against  the 
greatest  resistance. 

42  The  fan  blower  automatically  increases  the  created  pressure 
as  the  opposing  resistance  becomes  greater,  until  it  equals  the  maxi- 
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FIG.  6 
Relative  Performance  of  a  Double  Impeller  Rotary  Blower  at  Various  Speeds  and 

Pressures 

mum  pressure  capacity  of  the  fan.  The  volume,  although  coinci- 
dentally  decreased)  is  rendered  effective  by  the  greater  pressure,  while 
the  power  is  roughly  proportional  to  the  effective  work.  The 
rotary  blower  is  likewise  automatic  up  to  the  limit  of  pressure  tern- 
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porarily  established  by  the  resistance  of  the  reUef  valve,  but  with- 
out material  change  of  volume,  and  with  increase  in  power.  Above 
the  pressure  limit  set  by  the  valve,  air  escapes  to  the  atmosphere, 
and  the  power  expended  thereon  has  no  useful  effect. 

43  The  weight  and  cost  of  a  fan  blower  are  far  less,  and  the  speed 
far  higher  than  in  the  case  of  a  rotary  blower;  at  low  pressures  the 
efficiency  of  the  fan  is  superior  while  at  the  higher  pressures  neces- 
sary in  the  cupola,  the  rotary  type  excels. 

44  As  the  total  head  or  pressure  created  by  a  blower  represents 
the  sole  means  of  producing  movement  of  the  air,  whatever  portion 
of  this  head  is  consumed  in  overcoming  the  frictional  resistance  of 
piping  and  fuel  reduces  by  just  so  much  the  amount  remaining  avail- 
able for  the  production  of  velocity.  The  greater  the  ratio  between 
the  surface  of  a  pipe  and  the  quantity,  and  the  higher  the  velocity, 
the  greater  is  the  resistance. 

45  Were  the  outlet  in  the  casing  of  a  fan  blower  to  be  made 
equivalent  to  the  capacity  area,  the  velocity  and  corresponding 
friction  would  be  excessive.  But  in  both  the  fan  and  rotary  types, 
the  area  of  the  outlet  is  such  that  the  velocity  of  discharge  seldom 
exceeds  3000  feet  per  minute.  Even  this  is  so  great  that  material 
saving  in  power  may  be  secured  in  a  long  pipe  by  making  its  area 
considerably  in  excess  of  the  blower  outlet.  For  instance,  the  fric- 
tional loss  in  100  feet  of  10  inch  pipe  with  3000  feet  velocity  will  be 
practically  1  ounce;  while  that  in  a  12  inch  pipe,  passing  about  the 
same  volume  at  2000  feet  velocity,  will  be  approximately  f  ounce. 

46  If  a  certain  velocity  pressure  is  required  at  the  point  of  final 
delivery,  it  is  manifest  that  the  blower,  if  in  a  distant  location,  must 
create  a  total  pressure  sufficiently  in  excess  to  allow  for  the  loss  by 
friction.  A  drop  of  a  couple  of  ounces  is  not  uncommon  with  an 
ordinary  piping  system. 

47  The  actual  conditions  in  a  conduit  may  be  determined  by  a 
Pitot  tube,  and  calculations  of  volume  made  therefrom.  The  most 
satisfactory  form  of  instrument  appears  to  be  that  devised  by  Mr. 
D.  W.  Taylor,  and  described  in  his  paper  before  the  Society  of  Naval 
Architects  and  Marine  Engineers,  November  1905.  Care  must  be  ex- 
ercised in  the  use  of  any  form  of  pressure  gage  in  order  to  avoid  mis- 
leading readings.  This  is  particularly  true  regarding  determination 
of  pressure  in  the  wind-box  of  a  cupola,  wherein  the  direction  of  air 
currents  is  uncertain. 

48  The  modern  cupola  furnace  is  typical  of  metallurgical  progress 
in  which  conservation  of  heat  has  been  secured  by  massing  fuel  and 
metal.     As  arranged  in  successive  charges  with  a  melting  zone  of 
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maximum  temperature  beneath,  the  best  possible  opportunity  is 
presented  for  the  gradual  ignition  of  the  fuel  and  heating  of  the 
metals  in  their  downward  course. 

49  It  would  at  first  appear  that  equal  facility  was  provided  for 
securing  complete  combustion,  and  that  the  quantity  of  air  furnished 
might  closely  approximate  the  chemical  requirements.  But  to 
secure  the  best  results  the  volume  is  reduced  in  practice  considerably 
below  that  theoretically  required;  of  necessity  incomplete  combustion 
results.  The  conditions  are  closely  similar  to  those  in  the  blast 
furnace. 

50  The  reason  for  this  condition  is  to  be  found  in  the  arrangement 
of  the  superimposed  charges  of  fuel  and  metal  with  relation  to 
the  air  supply,  which  necessitates  passing  through  the  lower  charges 
all  of  the  air  required  for  those  above.  Although  perfect  combustion 
with  an  excess  of  air  is  thereby  secured  in  the  melting  zone,  the  ten- 
dency of  excessive  dilution  is  to  cool  the  gaseous  mixture  to  a  tem- 
perature even  below  that  of  the  molten  iron.  Under  such  conditions 
less  heat  is  transferred  to  the  upper  charges,  because  of  the  higher 
velocity  and  lower  temperature  of  the  gases. 

51  The  air  supply  to  a  cupola  is  not,  therefore,  to  be  determined 
by  the  chemical  requirements  of  the  entire  body  of  fuel,  but  by  the 
excess  which  the  lower  charges  are  able  to  endure  without  disastrous 
cooling.  The  level  of  the  ignition  zone,  and  the  completeness  of 
combustion,  are  necessarily  limited  by  this  excess. 

52  The  introduction  of  two  or  more  rows  of  twyers  with  large 
aggregate  area,  has  served  to  distribute  the  air  admission,  to  reduce 
the  cooling  effect  in  the  melting  zone,  to  raise  the  level  of  the  ignition 
zone,  and  to  perfect  the  combustion.  But  a  coincident — and  other- 
wise beneficent — increase  in  the  height  of  the  charging  door  has 
still  prevented  the  attainment  of  complete  combustion,  although  a 
larger  proportion  of  the  heat  is  utilized. 

53  Authoritative  chemical  analyses  of  the  escaping  gases  are 
exceedingly  rare,  but  such  as  are  available  show  that  only  about  50 
per  cent  of  the  carbon  combines  to  form  carbon  dioxid.  The  balance 
escapes  as  an  element  of  carbon  monoxid  having  less  than  one-third 
of  the  heat  value.  In  other  words,  only  about  two-thirds  of  the  pos- 
sible heat  of  combustion  is  utilized.  This  indicates  a  shortage  of 
about  25  per  cent  in  the  air  supply. 

54  The  intermittent  operation  of  the  ordinary  cupola  is  not  con- 
ducive to  the  ready  utilization  of  the  waste  heat  by  external  means, 
as  is  possible  in  the  case  of  the  blast  furnace.  Further  economy  is 
therefore  to  be  sought  within  the  cupola  itself,  and  in  the  application 
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of  the  blower  thereto,  presumably  along  the  lines  in  which  improve- 
ment has  already  been  made. 

55  The  air  supply  to  a  cupola  is  usually  expressed  in  cubic  feet 
per  net  ton  of  iron  melted.  The  amount  necessarily  varies  with  the 
melting  ratio,  the  density  of  the  charges,  and  the  incidental  leakage. 
Fair  average  practice  is  represented  by  the  following: 


'ounds  iron  per  pounds  coke 

Cubic  feet  of  air  per  ton  of  iron 

6 

33  000 

7 

31  000 

8 

29  000 

9 

27  000 

10 

25  000 

It  is  customary  to  provide  blower  capacity  on  a  basis  of  30  000  cubic 
feet,  which  corresponds  to  75  or  80  per  cent  of  the  chemical  require- 
ments with  average  coke,  and  a  melting  ratio  of  7.5  to  1.  This  is 
evidently  ample  for  any  higher  ratio. 

56  Obviously,  neither  the  rate  of  combustion  nor  the  rate  of 
melting,  can  remain  constant  under  the  varying  conditions  within 
the  cupola.  In  fact  it  is  not  fundamentally  necessary  that  they 
should.  But  the  blower  is  usually  run  at  constant  speed,  and  de- 
livers uniform  volume  except  as  reduced  by  resistance. 

57  As  a  rule  this  reduction,  which  occurs  only  in  the  case  of  the 
fan,  is  relatively  sUght,  for  the  volume  (of  which  the  velocity  is  a 
function)  varies  as  the  square  root  of  the  pressure.  Hence,  for  in- 
stance, a  20  per  cent  drop  in  pressure  entails  only  about  10  per  cent 
loss  in  volume.  Fairly  constant  pressure  with  a  more  regular,  though 
not  uniform  volume,  is  therefore  to  be  expected  in  fan  blower  cupola 
practice,  as  well  as  a  moderate  melting  rate  due  to  delayed  com- 
bustion, resulting  from  reduction  in  air  supply  coincident  with 
increase  in  resistance. 

58  As  ordinarily  installed  the  resistance  of  a  cupola  will  never 
exceed  the  pressure  which  a  rotary  blower  can  create  if  sufficient 
power  is  supplied.  If  no  relief  valve  is  provided,  or  it  is  set  high 
enough  to  prevent  escape,  all  air  must  be  discharged  through  the 
cupola,  hence  the  volume  will  be  practically  constant.  As  the  pres- 
sure equals  the  resistance,  considerable  variation  is  to  be  expected 
during  the  heat,  while,  owing  to  the  maintenance  of  uniform  air 
supply,  a  more  rapid  rate  of  melting  may  be  possible  than  with  the  fan. 

59  These  expectations  are  usually  fulfilled  in  practice,  although 
the  contrast  lessens  as  the  proportioning  of  the  blower  to  the  cupola 
approaches  the  ideal.  So  far  as  the  blower  is  concerned,  its  actual 
volumetric  output,  relatively  to  the  cupola  requirements,  is  the 
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determining  factor  in  the  melting  rate.  Fundamentally,  the  resist- 
ance regulates  the  volume  in  the  case  of  the  fan,  while  the  volume 
regulates  the  resistance  in  the  case  of  the  rotary  blower.  Otherwise 
expressed,  the  fan  type  adjusts  itself  to  the  conditions,  decreases  the 
power  and  volume,  and  somewhat  reduces  the  melting  rate,  while 
the  rotary  type  in  a  resistless  way  continues  to  force  through  the 
cupola  the  prescribed  volume  regardless  of  immediate  requirements 
or  power  expenditure,  and  usually  maintains  the  maximum  hourly 
output. 

60  For  the  purpose  of  illustration,  extreme  contrasts  between 
the  operation  of  a  fan  blower  and  a  rotary  blower  are  graphically 
presented  in  Fig.  7.  These  curves  are  based  on  tests  reported  by 
Mr.  H.  E.  Field  at  the  December  1904  meeting  of  the  Pittsburg 
Foundrymen's  Association.  The  blowers,  a  No.  10  Sturtevant  fan 
and  a  33  cubic  foot  Connersville  rotary,  were  installed  for  alternate 
use  in  connection  with  a  54-inch  lining  cupola.  So  far  as  possible 
the  charges  were  alike  in  weight  and  character  in  both  cases.  The 
scrap  was  heavy,  and  of  such  shape  as  to  pack  closely.  These  tests 
will  be  made  the  basis  for  some  pertinent  comparisons. 

61  Here  are  practically  identical  conditions  of  cupola  and  con- 
tents, but  great  contrasts  in  operation  which  show  the  effect  of  varia- 
tion in  air  volume  and  pressure.  With  the  fan  blower  the  pressure 
was  comparatively  constant,  the  variation  being  between  12^  and 
14^  ounces  in  the  wind  box  with  an  average  of  13.6.  The  net  power 
ranged  from  25  to  38.5  horse  power,  with  an  average  of  31.2.  The 
pressure  with  the  rotary  blower  varied  through  the  extreme  range 
between  10^  and  25  ounces,  while  the  average  stood  at  20.63.  The 
variation  in  horse  power  was  between  19  and  45,  the  average  being 
35.8. 

62  With  the  fan  28.84  tons  were  melted  in  3.77  hours,  at  the  rate 
of  7.65  tons  per  hour,  while  with  the  rotary  blower  2.82  hours  were 
required  to  melt  31.5  tons,  at  an  hourly  rate  of  10.6  tons,  an  increase 
of  nearly  40  per  cent  in  output.  This  reduces  to  a  net  input  of  4.09 
horse  power  per  ton  melted  per  hour  with  the  fan,  and  2.98  horse 
power  with  the  rotary  blower;  an  apparent  advantage  of  27  per  cent 
in  favor  of  the  rotary. 

63  By  far  the  larger  quantity  of  air  was  discharged  by  the  rotary 
blower,  the  rate  of  melting  being  closely  proportional  to  the  volume, 
as  may  be  shown  by  a  careful  analysis  of  the  tests.  The  rate  is  low 
for  the  size  of  the  cupola,  extremely  so  in  the  case  of  the  fan,  and  is 
in  part  at  least  the  result  of  excessive  resistance  presented  by  large 
pieces  of  scrap. 
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64  The  results  shown  by  these  tests  emphasize  the  possible  effect 
of  changes  in  the  relation  of  the  blowers  to  the  cupola.  Had  the 
rotary  blower  been  of  smaller  capacity  such  excessive  pressures  would 
not  have  been  necessary  to  force  the  constant  volume  through  the 
cupola;  the  power  would  have  been  decreased,  and  the  duration  of 
the  heat  prolonged,  with  probable  decrease  in  the  horse  power  hours 
per  ton.  Had  the  fan  been  run  at  higher,  but  not  excessive  speed  to 
permit  of  passing  a  larger  volume,  which  it  was  fully  capable  of  de- 
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FIG.  7     PERFORMANCE  OF  FAN  AND  ROTARY  BLOWER  ON  A  54-INCH  CUPOLA 


livering,  the  horse  power  would  have  increased,  the  time  decreased 
and  the  power  per  ton  per  hour  would  certainly  have  more  closely 
approached  that  required  by  the  rotary  blower. 

65  A  subsequent  unofficial,  but  credible,  test  made  upon  the 
same  cupola  equipped  with  a  No.  8  Sturtevant  fan,  presents  an  instruc- 
tive contrast.  The  conditions  were  identical  with  those  in  the 
previous  tests,  except  that  a  small  amount  of  very  light  scrap  was 
charged.  The  results  showed  9.41  tons  melted  per  hour,  with  an 
average  pressure  of  12.5  ounces  and  a  power  expenditure  per  ton  per 
hour  less  than  80  per  cent  of  that  required  with  the  No.  10  fan. 
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66  The  preceding  renders  manifest  the  difficulties  in  the  way  of 
exactly  proportioning  blowers  to  the  somewhat  unknown  conditions 
of  their  work,  and  likewise  the  futility  of  attempting  to  base  com- 
parisons of  ultimate  efficiency  upon  such  limited  experiments.  In 
contrast  thereto,  it  can  be  shown  that  a  No.  10  Sturtevant  fan,  upon 
a  60-inch  cupola,  regularly  melted  13.8  tons  per  hour,  with  an  expendi- 
ture of  2.6  horse  power  per  ton,  and  a  No.  8,  upon  a  42^  inch,  required 
only  2.9  horse  power  per  ton  upon  a  total  output  of  6.46  tons  per  hour. 
And  likewise  that  rotary  blowers  of  identical  size  and  quality  have 
shown  results  both  inferior  and  superior  to  those  here  reported. 

67  The  higher  speed  of  melting,  which,  because  of  its  abihty  to 
overcome  excessive  resistances,  may  be  maintained  by  the  rotary 
blower,  is  universally  recognized,  as  is  also  the  increased  time  thus 
rendered  available  for  molding  before  the  first  iron  is  tapped.  But 
the  greater  pressure  incident  to  the  higher  rate  is  much  more  severe 
in  its  cutting  effect  upon  the  lining,  while  the  value  of  the  time  gained 
for  molding  depends  upon  individual  foundry  conditions.  The  supe- 
rior mechanical  efficiency  of  the  rotary  type  is,  to  a  greater  or  less 
degree,  offset  by  much  lower  first  cost  and  fixed  charges  on  the  fan. 
The  necessity  of  providing  power  capacity  greatly  in  excess  of  the 
average  in  the  case  of  the  rotary  blower  is  not  to  be  overlooked. 
Neither  is  it  to  be  forgotten  that  the  brief  duration  of  the  heat  reduces 
the  difference  in  annual  expenditure  for  power  to  a  relatively  unim- 
portant item.  For  instance,  under  the  exceptional  conditions  in 
the  tests  shown  in  Fig.  7,  the  daily  difference  in  electrical  horse  power 
hours  input  was  only  20.3.  On  a  basis  of  10  hours  per  day  this  equals 
only  2  horse  power  continuously  exerted. 

68  Theoretically,  for  otherwise  constant  conditions,  the  following 
relations  hold  for  cupolas  and  melting  rates  within  the  range  of 
practical  operation; 

a  The  melting  rate  with  constant  volume  varies  directly  as 
the  square  of  the  diameter,  that  is,  as  the  cross  sectional 
area  of  the  cupola,  and  directly  as  the  volume,  as  the 
square  root  of  the  pressure,  and  as  the  cube  root  of  the 
power  for  a  given  cupola. 

b  The  volume  varies  inversely  as  the  square  of  the  cupola 
diameter  for  a  given  melting  rate,  and  directly  as  the 
melting  rate  for  any  cupola. 

c  The  pressure  with  a  given  cupola  varies  directly  as  the 
square  of  the  volume,  that  is,  as  the  square  of  the  melting 
rate,  and  as  the  depth  of  the  charges  for  a  given  melting 
rate. 

d  The  power  with  a  given  cupola  varies  directly  as  the  cube 
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of  the  melting  rate,  and  as  the  cube  of  the  square  root 
of  the  pressure,  and  directly  as  the  pressure  for  a  given 
melting  rate  and  any  cupola,  i.  e.,  inversely  as  the  fourth 
power  of  the  diameter  for  a  given  melting  rate. 

e  The  power  per  ton  per  hour  (the  operating  efficiency)  for  a 
given  cupola  varies  directly  as  the  square  of  the  melting 
rate,  that  is,  as  the  pressure;  and  for  a  given  melting  rate 
directly  as  the  rate  for  a  given  pressure,  directly  as  the 
pressure  and  inversely  as  the  fourth  power  of  the  diam- 
eter. 

/  The  duration  of  the  heat  for  a  total  output  for  a  given  cupola 
varies  inversely  as  the  square  root  of  the  pressure. 

69  These  relations  might  well  be  the  source  of  numerous  formulae 
for  practical  use  were  it  possible  to  establish  accurate  coefficients. 
But  the  great  variety  in  cupolas,  twyerage  proportions,  and  charac- 
ter of  fuel  and  iron,  to  say  nothing  of  the  difference  in  charging  prac- 
tice in  different  foundries,  or  even  the  variety  in  the  same  foundry, 
is  bewildering  and  discouraging.  Maximum  efficiency  in  a  given  case 
can  only  be  assured  after  direct  experiment.  But  something  short 
of  the  maximum  is  usually  accepted  in  ignorance  of  the  ultimate 
possibilities.  But  even  though  subject  to  some  variation  under  work- 
ing conditions,  the  preceding  relations  point  clearly  to  the  factors 
that  make  for  maximum  efficiency.  It  is  obvious  that  pressure  and 
melting  rates  should  be  as  low,  and  cupola  diameters  as  great  as 
practical  considerations  will  allow. 

70  High  pressure  is  a  relic  of  small  twyer  area,  in  a  single  course, 
of  coal  as  fuel,  of  false  economy  in  buying  a  fan  blower  so  small  as  to 
require  excessive  speed  to  deliver  the  required  volume,  or  a  rotary 
blower  so  proportioned  to  the  cupola  that  high  pressure  is  inevitable, 
and  above  all,  of  forcing  the  cupola  beyond  the  economical  limit.  It 
is  no  longer  considered  creditable  to  secure  the  largest  possible  output 
from  a  given  cupola;  it  is  better  practice  to  use  a  larger  cupola  for 
the  same  output.  The  tendency  is  distinctly  in  the  line  of  more 
moderation,  both  because  of  higher  ultimate  operating  efficiency, 
and  the  improved  quality  of  the  castings. 

71  Fig.  8  and  9  clearly  indicate  the  economy  of  such  a  course. 
It  is  to  be  noted  that  although  the  curve  of  maximum  output  in 
Fig.  8  is  freely  drawn  through  points  representing  good  current 
practice,  it  conforms  closely  to  the  relations  expressed  above,  i.  e., 
that  the  melting  rate  varies  directly  as  the  square  of  the  diameter. 
Wide  variations  are  to  be  expected  in  individual  cases.  The  maxi- 
mum pressures  capable  of  maintaining  the  corresponding  melting 
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rates  under  proper  conditions  vary  with  the  diameter  and  the  height 
of  the  cupola,  as  well  as  with  the  proportions  of  the  charges.  Other 
melting  rates  are  plotted  in  proportion  to  the  square  roots  of  lesser 
pressures  for  corresponding  cupola  diameters.  It  is,  however,  because 
of  the  great  variety  in  conditions  that  the  values  indicated  by  this 
or  any  other  set  of  curves  are  purely  relative  and  cannot  be  made 
directly  applicable  to  cupola  practice  in  general. 
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72  The  power  economy  of  low  pressures  and  melting  rates  is 
clearly  shown  by  Fig.  9.  The  lines  of  unit  expenditure  have  been 
arbitrarily  fixed  in  the  middle  field  of  good  practice. 

73  The  actual  melting  range  of  a  cupola  is  ordinarily  between 
0.6  and  0.75  ton  per  hour  per  square  foot  of  cross  section.  The 
limits  of  air  supply  per  minute  per  square  foot  are  roughly  2500  and 
4000  cubic  feet,  with  the  mean  as  representative  of  fair  practice. 
The  possible  power  required  varies  even  more  widely,  ranging  from 
1.5  to  3.75  horse  power  per  square  foot,  corresponding  respectively 
to  2.5  and  5  horse  power  per  ton  per  hour  for  the  melting  rates  speci- 
fied above. 
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74  Current  practice  can  only  be  expressed  between  limits  as  in 
the  case  of  Table  3.  Therein  is  given  the  ordinary  range  of  the 
different  variables  for  stated  cupola  diameters.  The  specified  pres- 
sures prevail  most  extensively  in  recent  installations.  In  so  far  as 
it  is  possible  to  determine  the  melting  rate  and  the  necessary  pres- 
sure therefor,  the  power  may  be  roughly  calculated,  from  the  theoret- 
ical requirement  of  0.27  horse  power  to  deliver  1000  cubic  feet  per 
minute    at    one    ounce    pressure.     The    power    increases    directly 
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FIG.  9     ROTATIVE  POWER  FOR  DIFFERENT  PRESSURES  AND  MELTING  RATES 


with  the  pressure,  and  is  practically  dependent  upon  the  efficiency 
of  the  blower.  This  will  range  from  50  to  nearly  70  per  cent  in  a 
good  fan  installation,  and  up  to  a  possible  maximum  of  90  per  cent 
with  a  first  class  rotary  blower  equipment.  The  drop  in  pressure 
due  to  an  extended  system  of  piping  must  not  be  neglected  in  such 
calculations. 

75    The  trend  toward  lower  pressures  in  the  cupola  is  reflected  in 
current  air  furnace  practice.     The  high  pressure  fan  blower  with 
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small  volumetric  capacity  has  been  superseded  by  the  volume  fan 
having  ample  capacity  at  much  lower  pressure. 

76  Both  volume  and  pressure  are  dependent  upon  the  quality 
of  the  coal  and  the  rate  of  combustion.  The  deep  fire  lends  itself 
to  complete  utilization  of  the  air  supply,  with  minimum  excess  and 
maximum  temperature.  Both  under  and  over  grate  supply  pipes 
should  be  of  ample  size  to  avoid  excessive  loss  by  friction,  and  the 

TABLE  3 
Range  of  Performance  of  Cupola  Blowers 


DIAMETER  INSIDE 
LINING.      IN. 

CAPACITY  PER 
HOUR  TONS 

PRESSURE    PER  SQ. 
IN.     OZ. 

VOLUME  OP  AIR 
PER  MIN.  CU.  FT. 

HORSE  POWER 

18 

0.26-  0.5 
1.00-  1.5 
2.00-  3.5 
4.00-  5.0 
5.00-  7.0 

8.00-10.0 

9.00-12.0 

12.00-15.0 

14.00-18.0 

17.00-21.0 

19.00-24.0 
21.00-27.0 

5-  7 

7-  9 
8-11 
8-12 
8-13 

8-13 
9-14 
9-14 
9-16 
10-15 

10-16 
10-16 

150-         300 

600-      900 

1  200-  2  000 

2  200-  2  800 
2  700-  3  700 

4  000-  5  000 
4  600-  6  000 

6  000-  7  600 

7  000-  9  000 

8  600-10  500 

9  500-12  000 
10  500-13  600 

0.5-     1.6 

24 

2.0-    6.0 

30 

6.0-  16.0 

36 

10.0-  23.0 

42 

12.0-  32.0 

48 

18.0-  45.0 

64 

22.0-  60.0 

60 

30.0-  75.0 

66 

35.0-  90.0 

72 

45.0-110.0 

78 

52.0-130.0 

84 

60.0-160.0 

pressure  should  be  the  lowest  which,  with  a  properly  proportioned 
blower,  will  pass  the  required  volume.  This  pressure  need  not  exceed 
2^  ounces  per  square  inch,  and  under  good  conditions  should  be  con- 
siderably less.  The  volume  delivered  beneath  the  fire  may  be  kept 
well  down  toward  the  theoretical  requirements,  not  exceeding  200 
to  225  cubic  feet  per  pound  of  coal. 

77  In  the  crucible  furnace  still  lower  pressures  prevail  but  the 
air  supply  is  not  as  effectively  utilized. 

78  Flexibility  in  the  appUcation  and  operation  of  a  blower  is 
sufficient  to  permit  of  approximation  in  its  size.  Unfortunately  its 
size  number  conveys  no  idea  of  its  capacity,  although  rotary  blowers 
are  secondarily  classified  by  volumetric  displacement.  The  manu- 
facturer's recommendation,  checked  by  the  purchaser's  experience, 
must  generally  serve  as  the  simplest  rule  of  selection. 
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DISCUSSION 

Prof.  A.  L.  Williston  Referring  to  the  curves  shown  in  Fig.  2, 
I  would  like  to  ask  the  author  of  the  paper  if  he  will  state  what  size 
and  character  of  a  fan  these  curves  are  intended  to  cover,  and  the 
corresponding  range  of  pressures  and  velocities.  In  the  absence  of 
such  information,  some  of  us  might  attempt  to  apply  the  conclusions 
drawn  from  them  to  cases  so  far  different  from  those  prevailing  in 
the  tests  on  which  these  curves  are  based,  as  to  run  the  risk  of  being 
greatly  misled. 

2  In  attempting  myself  to  draw  curves  of  this  sort  from  different 
fan  experiments,  I  have  found  that  the  curves  differ  radically  accord- 
ing to  the  different  sizes  and  character  of  the  fans  and  the  conditions 
under  which  they  are  used,  and  that  the  very  greatest  care  is  neces- 
sary whenever  the  comparison  is  made  between  the  performances  of 
two  different  fans,  in  order  to  be  sure  that  similarity  of  conditions  is 
sufficient  to  warrant  the  comparison..  If  the  author  of  the  paper, 
therefore,  can  add  some  definite  data  on  this  subject  he  will  make  his 
paper  of  still  more  value  to  the  meml^ers  of  the  Society. 

Dr.  Sanford  A.  Moss  In  the  mathematical  introduction  with 
which  Mr.  Snow  prefaces  his  paper.  Table  1  gives  computations  from 
an  approximate  formula  which  are  carried  to  a  much  greater  number 
of  significant  figures  than  is  warranted.  The  formula  4,  which  Mr. 
Snow  gives,  is  the  correct  formula  for  very  small  pressure  differences. 
It  assumes  an  incompressible  fluid.  This  formula  is  practically 
correct  for  pressures  up  to  two  ounces  per  square  inch.  For  greater 
pressures,  a  correction  must  be  made  to  allow  for  the  fact  that  the 
density  of  the  fluid  changes  during  expansion.  This  subject  was  fully 
discussed  in  the  American  Machinist  of  September  20  and  27,  1906. 

2  The  formula  which  Mr.  Snow  uses  is  exactly  equivalent  to 
formula  11  of  case  5.  The  proper  formula  for  pressures  above  two 
ounces  is  formula  7  or  9  of  case  4.  For  instance,  for  the  pressure  of 
20  ounces  per  square  inch,  the  velocity  should  be  376  feet  per  second 
instead  of  370,  a  difference  of  nearl}^  2  per  cent.  This  difference  is, 
of  course,  not  significant  for  ordinary  work  and  the  figures  given  by 
Mr.  Snow  are  a  close  approximation.  However,  it  is  not  proper  under 
the  circumstances  to  carry  the  figures  to  the  number  of  decimal  places 
given. 

3  For  the  higher  pressures  given  in  Mr.  Snow's  table,  from  six  to 
20  ounces,  an  almost  exact  value  of  velocity  can  be  obtained  by  mul- 
tiplying the  quantity  within  the  radical  of  formula  4  by  the  expres- 
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sion   (  1  +       )   where  k  is  the  ratio  of   specific  heats  of  air  and  is 
\         2k/ 

1  V 

such  that  r  ■=  0.711  and  x  is  equal  to ,  using  Mr.  Snow's 

k  235  +  p 

notation,  where  p  is  the  pressure  in  ounces  above  atmosphere.  For 
pressures  above  20  ounces,  the  exact  formula  must  be  used,  as  dis- 
cussed in  the  references  previously  cited.  When  computed  by  the 
correct  formula,  the  velocities  given  by  Mr.  Snow  would  have  the  fol- 
lowing values: 


Pressure 

Velocity 

oz.  per  sq.  in. 
3 

ft.  per  sec, 
148.9 

4 

171.7 

5 

191.6 

6 

209.7 

7 

226.2 

8 

241.5 

9 

255.6 

10 

269.2 

11 

282.0 

12 

294.7 

13 

307.0 

14 

316.7 

15 

327.5 

16 

337.5 

17 

348.0 

18 

357.5 

19 

367.0 

20 

376.0 

4  The  other  columns  of  the  table  have  slight  errors  in  a  similar 
way.  The  first  few  figures  given  by  Mr.  Snow  are,  in  all  cases,  prac- 
tically correct,  the  only  criticism  being  that  the  final  figures  are  not 
warranted,  and  give  a  deceptive  idea  of  their  accuracy.  A  similar 
remark  can  be  made  of  the  constant  1  746  659  of  formula  4.  The 
circumstances  do  not  warrant  that  this  constant  should  be  given  to 
a  greater  degree  of  accuracy  than  1  750  000. 

Messrs.  H.  de  B.  Parsons  and  David  C.  Johnson  Recently  it 
was  necessary  to  work  out  a  fan  problem,  and  sufficient  data  could 
not  be  obtained  from  the  pamphlets  and  catalogues  issued  by  the 
fan  companies  to  calculate  the  size  of  fan  needed  under  the  given 
conditions.  »The  writers  therefore  collected  from  many  sources 
available  information  regarding  the  subject,  and  worked  out  the 
following  simple  formulae  and   curves,  which,  it  is  believed,  will 
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enable  one  to  answer  most  questions  which  might  arise  regarding  the 
capacity,  speed,  horse  power,  etc.,  of  blowers  and  disk  fans  intended 
for  ordinary  use. 

2  The  formulae  are  to  be  used  for  calculating  the  size  and  horse 
power  of  fans,  and  are  not  to  be  used  for  designing  and  calculating 
the  dimensions  of  the  various  parts. 

3  The  formulae  are  not  original,  nor  is  it  claimed  that  they  would 
be  accurate  under  all  conditions,  although  they  have  been  checked 
with  many  fans  in  actual  operation,  and  in  all  of  these  cases  have 
given  close  results.  The  formulae  for  the  blower  t3'pe  gives  closer 
results  than  those  for  the  disc  type. 

4  In  the  case  of  disc  fans  it  is  very  hard  to  get  formulae  that  will 
cover  all  cases,  as  a  slight  difference  in  setting  or  arrangement  will 
materially  affect  the  result. 

Fan  Wheel  with  Peripheral  Discharge 


FIG.  1     PERIPHERAL  DISCHARGE  FAN 


Calculations  for  capacity,  revolutions  and  brake  horse  power: 
Q  =  air  discharged  in  cubic  feet  per  minute. 
d  =  diameter  of  wheel  in  feet. 
w  =  width  of  wheel  at  tip  of  blades  in  feet. 
R  =  revolutions  per  minute. 

V  =  peripheral  velocity  of  wheel  in  feet  per  minute. 
v'  =  theoretical  velocity  of  air  in  feet  per  minute. 

V  =  actual  velocity  of  air  in  feet  per  minute. 
D  =  density  of  air  in  pounds  per  cubic  foot. 
B  =  brake  horse  power  to  drive  wheel. 

a  =  effective  area  of  discharge  or  "blast  area"  in  square  feet. 

h  =  head  of  air  in  feet. 

G  =  acceleration  per  minute  due  to  gravity  =  g  32.2  (in  feet 

per  second)  6o'  =  11  577  600  feet. 
p   =  pressure  of  air  in  pounds  per  square  foot. 
K  =  constant  for  different  temperatures. 
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6     The  above  theoretical  air  velocity  curve  was  obtained  from  the 
formulae 


v'  =  V  2Gh 


=  ^|2^5 


D  being  density  of  dry  air  at  50  degrees  fahr!  =  0.0778  pounds. 

7  The  peripheral  velocity  of  wheel  and  actual  velocity  of  dis- 
charge curves  were  calculated  from  the  following  formulae  obtained 
by  experiment. 

V  =  1.17  t;' and  V  =  0.43  v' 
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FIG.  2    VELOCITY  CURVES 

8  The  above  curves  are  for  dry  air  at  50  degrees  fahr.  The 
velocities  vary  as  the  square  root  of  the  reciprocal  of  the  densities. 
At  any  temperature  fahr.,  the  velocities  =  K  times  velocity  at  50 
degrees  fahr.  Therefore  use  corrected  velocities  corresponding  to  the 
temperature. 


VALUES 

OF  K  FOR  VARYING  TEMPERATURES 

Degrees 

Degrees 

Degrees 

fahrenheit 

K 

fahrenheit 

K 

fahrenheit 

K 

30       = 

0.98 

200 

= 

1.14 

400       = 

1.30 

50       = 

1.00 

250 

= 

1.18 

450       = 

1.34 

100       = 

1.05 

300 

= 

1.22 

500       = 

1.37 

150       = 

1.09 

350 

= 

1.26 

550 

1.41 

9     Usual  maximum  for  V  =  6600  feet  per  minimum,  but  should  not 
exceed  7200  feet  per  minimum. 
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10  Width  of  blades  at  tip  is  usually  made  about  0.4  X  d.  Width  of 
blades  at  widest  part  is  made  about  0.5  X  d.  When  a  small  volume 
of  air,  discharged  at  high  pressure,  is  desired,  the  width  is  less.  When 
a  large  volume  of  air,  discharge  at  low  pressure,  is  desired,  the  width 
is  greater. 

11  The  last  two  sentences  are  true  when  d  or  i^  is  fixed,  and  V  or 
discharge  pressure  is  known. 

Ttd 

12  By  experiment,  approximately  a  =  w  d  ~  ^.  Therefore,  a  = 
OAd^  —  3,  from  which  d  can  be  found 


d  =  i/7.5a  =  2.74  i/a 
13     Inlet  area  in  square  feet 


=  0.00054  Q  -^  i/ water  pressure  in  inches, 
but  should  not  exceed  40  per  cent  of  disk  area  of  side  of  wheel. 

14  Outlet  area  in  square  feet  =  constant  X  inlet  area. 
For  free  discharge,  the  constant  varies  from  1.0  to  1.25. 

For  restricted  discharge,  as  into  ducts,  the  fan  should  be  calcu- 
lated for  a  pressure  equal  to  that  at  outlet  plus  friction. 

15  Theoretical  brake  horse  power  to  drive  fan  wheel 

_   Q  X  D   X  v'^ 
550  (2G) 

B  =  theoretical  horse  power  times  2.     The  efficiency  being 
taken  at  50  per  cent. 

DISK  FAN 

16  Calculations  for  capacity,  revolutions  and  brake  horse  power: 

Q  =  air  discharged  in  cubic  feet  per  minute,  for  "free  dis- 
charge." 
d  =  diameter  of  wheel  in  feet. 
R  =  revolutions  per  minute. 

V  =  peripheral  velocity  of  wheel  in  feet  per  minute. 
v'  =  theoretical  velocity  of  air  in  feet  per  minute. 

V  =  actual  velocity  of  air  in  feet  per  minute. 
D  =  density  of  air  in  pounds  per  cubic  foot. 
B  =  brake  horse  power  to  drive  wheel. 

a    =  effective  area  of  discharge  in  square  feet. 
a'  =  non-effective  area  of  discharge  in  square  feet. 
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A  =  disk  area  of  wheel  in  square  feet. 

G  =  acceleration  per  minute  due  to  gravity  =  g  (in  feet  per 

second)  6o'  =  11  577  600. 
C  =  constant  for  brake  horse  power  formulae  =  106. 
Y  should  not  exceed  about  8500  feet  per  minute. 


FIG.  3     DISK  FAN 

17  For  restricted  discharge  or  suction,  Q  becomes  less  because  "slip" 
becomes  greater.  Approximately  Q  =  Ai\  where  v^  =  v'  —  v^,  in 
in  which  v^  is  40  per  cent  of  the  theoretical  velocity  due  to  the 
difference  in  pressure  on  opposite  sides  of  the  fan,  due  to  the  restric- 
tion.    B  is  the  same  as  for  "free  discharge." 

A  =  a  ■{-  a' 

a    =  0.8  A 

a'  =  0.2  A 

V  =  TzdR 

R  =  V  ~  ltd 

v'  =  pitch  ratio  X  F  X  per  cent  slip  =  0.65  X  7  X  0.75 

V  =  0.8  v' 
v'  =  1.25  V 

V  =  0.39  V 

Q  =  Av  =  av'  =  0.8  Av' 

18  The  following  approximate  formulae,  evolved  by  the  writers 
have  given  good  results: 

3. 

33  000  X  2  G 

19  For  facility  in  using  the  above  formula  the  following  curve 

3. 

•      •  .         •  vclodtv 

IS  given  which  gives  the  value  of for  corresponding  values 

2  G 

of  velocities  in  feet  per  minute. 
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Mr.  E.  N.  Trump  We  have  found  the  Venturi  meter  a  very  satis- 
factory means  for  measuring  air.  We  made  a  series  of  tests  to  deter- 
mine the  efficiency  of  some  of  the  positive  blowers,  and  this  meter 
gave  measurements  Avithin  less  than  2  per  cent  error.  I  would  say, 
also,  that  we  have  made  tests  at  atmospheric  pressure  and  as  high 
as  250  pounds  to  the  square  inch,  both  meters  being  on  the  same 
pipe,  and  when  we  made  allowance  for  the  difference  in  temperature 
and  pressure  we  found  the  volumes  to  compare  very  well. 
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FIG.  4    CURVE  GIVING  THE  VALUE  OF  velocity  ^  FOR  CORRESPONDING  VALUES 
OF  VELOCITEES  IN  FEET  PER  MINUTE 


Mr.  H.  M.  Lane  In  this  paper  some  of  the  figures  are  in  ounces, 
some  are  in  inches  of  water  and  others  are  in  pounds.  The  tables 
would  prove  of  more  assistance  to  engineers  if  the  values  were  stated 
in  terms  of  some  one  unit. 

Mr.  T.  S.  Bailey  While  it  is  true  that  the  very  complete  series 
of  tests  undertaken  by  Mr.  D.  W.  Tailor  related  to  low  pressure 
blowers  only,  his  methods  have  been  adopted  by  the  Navy  Depart- 
ment, and  they  are  exceedingly  valuable. 


Messrs.  J.  R,  Fortune  and  H.  S.  Wells^  The  blowing  equip- 
ment attached  to  our  cupola,  consisted  originally  of  a  No.  8  Sturte- 
vant  pressure  blower  which,  as  J\Ir.  Snow  has  pointed  out,  varies  its 
air  delivery  inversely  with  the  resistance.  In  order  to  maintain  a 
positive  delivery  of  air,  and  thus  increase  the  melting  speed,  it  was 
decided  to  install  a  Sturtevant  No.  11  high  pressure  blower  which, 

*  The  Murphy  Iron  Works,  Detroit,  Mich. 
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while  somewhat  larger  than  is  required  at  the  present  time,  would  be 
adequate  for  our  contemplated  new  foundry,  which  will  be  equipped 
Avith  66-inch  cupolas.  Fig.  1  gives  the  internal  dimensions  of  the 
present  cupola. 

2  The  maximum  melting  rate,  from  iron  down  to  blast  off,  with 
the  old  blower,  was  8^  tons  per  hour. 

3  Fig.  2  is  a  diagram  of  the  blower  revolutions,  blast  pressure 
and  boiler  pressure  observed  during  the  first  heat  with  the  new  blower. 


Inside  of  cupola 
1  in.  =5  feet 
FIG.  1    SHOWING  INTERNAL  DIMENSIONS  OF  CUPOLA 

At  the  right  of  the  pressure  diagram  is  a  diagram  of  the  cupola  and 
the  weights  of  charges  of  iron  and  coke.  Table  1  contains  the  data 
secured  during  the  trial.  The  proportion  of  coke  to  iron  was  kept 
the  same  as  with  the  old  blower  and  the  cupola  was  unaltered. 


TABLE  1 

Total  iron  melted,  tons .  22 . 7 

Melting  rate  (blast  on  to  blast  off),  tons  per  hour 8 .  79 

Melting  rate  (iron  down  to  blast  off),  tons  per  hour 9 .  45 
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Time  before  iron  comes  after  blast  is  on,  minutes 11 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (54  inches  diameter),  pounds 19 .  81 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (50  inches  diameter),  pounds 23 .  11 

One  pound  coke  melts  how  many  pounds  iron  (including  bed) 7 .  54 

Blast  pressure,  ounces 11 .  60 

Cupola  area  is  how  many  times  twyers  area  (small  end): 

At  54  inches  diameter  cupola *9 .  02 

At  50  inches  diameter  cupola 7 .  96 

Bottom  of  melting  zone  above  top  of  twyers,  inches 12-18 

Weight  of  iron  layer  is  how  many  times  weight  of  coke  layer 10 

Time  between  starting  fire  and  starting  blast,  hours  and  minutes 2:  30 

*  Taken  before  enlargement  of  twyers. 
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FIG.  2     CUPOLA  TEST,  STURTEVANT  No.  11  HIGH  PRESSURE  BLOWER 

4  The  results  of  tests  2  and  3,  which  were  made  after  enlarg- 
ing the  twyer  openings  are  given  in  Table  2  and  Table  3;  this  change 
being  made  in  the  cupola  to  get  in  a  greater  amount  of  air  without 
increasing  the  blast  pressure. 


TABLE  2 

Total  iron  melted,  tons 24 

Melting  rate  (blast  on  to  blast  off),  tons  per  hour 8 .  24 

Melting  rate  (iron  down  to  blast  off),  tons  per  hour 8 .88 

Time  before  iron  comes  after  blast  is  on,  minutes 13 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (54  inches  diameter),  pounds 18 .  61 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (50  inches  diameter),  pounds 21 .  71 
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One  pound  coke  melts  how  many  pounds  iron  (including  bed) 7 .  40 

Blast  pressure,  ounces 10.63 

Cupola  area  is  how  many  times  twyer  area  (small  end) : 

At  54  inches  diameter  cupola *5 .98 

At  50  inches  diameter  cupola 5.13 

Bottom  of  melting  zone  above  top  of  twyer,  inches 10-12 

Weight  of  iron  layer  is  how  many  times  weight  of  coke  layer 10 

Time  between  starting  fire  and  starting  blast,  hours  and  minutes 2;  30 

♦Bed  too  low. 

TABLE  3 

Total  iron  melted,  tons 22 .  15 

Melting  rate  (blast  on  to  blast  ofif),  tons  per  hour 8.20 

Melting  rate  (iron  down  to  blast  off),  tons  per  hour 8.86 

Time  before  iron  comes  after  blast  is  on,  minutes 12 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (54  inches  diameter),  pounds 18.55 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (50  inches  diameter),  pounds 21 .  64 

One  pound  coke  melts  how  many  pounds  iron  (including  bed) 7 .  28 

Blast  pressure,  ounces 10 .  00 

Cupola  area  is  how  many  times  twyer  area  (small  end) : 

At  54  inches  diameter  cupola *5 .98 

At  50  inches  diameter  cupola 5.13 

Bottom  of  melting  zone  above  top  of  twyer,  inches 10-02 

Weight  of  iron  layer  is  how  many  times  weight  of  coke  layer 10 

Time  between  starting  fire  and  starting  blast,  hours  and  minutes 2 :30 

*  Bed  too  low. 

5     Table  4  gives  the  particulars  of  a  heat  which  was  run  after  the 
coke  bed  had  been  increased. 

TABLE  4 

Total  iron  melted,  tons 24 .  25 

Melting  rate  (blast  on  to  blast  off),  tons  per  hour 8.50 

Melting  rate  (iron  down  to  blast  off),  tons  per  hour 9 .  15 

Time  before  iron  comes  after  blast  is  on,  minutes 12 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (54  inches  diameter),  pounds 19 .  17 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (50  inches  diameter),  pounds 22 .77 

One  pound  coke  melts  how  many  pounds  iron  (including  bed) 8 .  58 

Blast  pressure,  ounces 9 .47 

Cupola  area  is  how  many  times  twyer  area  (small  end) 

At  54  inches  diameter  cupola *5 .  98 

At  50  inches  diameter  cupola 5.13 

Bottom  of  melting  zone  above  top  of  twyer,  inches 12-14 

Weight  of  iron  layer  is  how  many  times  weight  of  coke  layer " .  .  .  .  13 .  33 

Time  between  starting  fire  and  starting  blast,  hours  and  minutes 2 :30 

*Coke  charges  decreased  on  account  of  iron  being  too  hot. 
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6  It  Tvdll  be  noted  that  while  the  melting  speed  was  greater  than 
for  tests  2  and  3,  it  was  below  that  of  test  1.  Upon  decreasing  the 
blast  pressure,  and  at  the  same  time  decreasing  the  amount  of  coke,  the 
melting  speed  was  brought  up  to  9.15  tons  per  hour,  tests  5,  6,  7,  8 
and  9  were  then  made,  the  coke  being  decreased,  while  the  blast 

pressure  was  increased  each  day,  resulting  in  a  decided  increase  in  the 
melting  speed.  Tables  5,  6,  7,  8  and  9  give  the  data  obtained  from 
these  tests. 

TABLE  5 

Total  iron  melted,  tons 24 .  25 

Melting  rate  (blast  on  to  blast  off),  tons  per  hour 9 .  04 

Melting  rate  (iron  down  to  blast  off),  tons  per  hour 9 .  66 

Time  before  iron  comes  after  blast  is  on,  minutes 10 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (54  inches  diameter),  pounds 20.25 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (50  inches  diameter),  pounds 2.3.62 

One  pound  coke  melts  how  many  pounds  iron  (including  bed) 8 .  94 

Blast  pressure,  ounces 9 .  80 

Cupola  area  is  how  many  times  twyer  area  (small  end) : 

At  54  inches  diameter  cupola 5 .  98 

At  50  inches  diameter  cupola 5.13 

Bottom  of  melting  zone  above  top  of  twyer,  inches    12-14 

Weight  of  iron  layer  is  how  many  times  weight  of  coke  layer 13. 33 

Time  between  starting  fire  and  starting  blast,  hours  and  minutes 2:30 

TABLE  6 

Total  iron  melted,  tons 22 .  65 

Melting  rate  (blast  on  to  blast  off),  tons  per  hour 9.39 

Melting  rate  (iron  down  to  blast  off),  tons  per  hour 10.24 

Time  before  iron  comes  after  blast  is  on,  minutes 12 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (54  inches  diameter),  pounds 21 .  44 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (50  inches  diameter),  pounds 25 .01 

One  pound  coke  melts  how  many  pounds  iron  (including  bed) 8.71 

Blast  pressure,  ounces 9 .  86 

Cupola  area  is  how  many  times  twyer  area  (small  end) : 

At  54  inches  diameter  cupola 5.96 

At  50  inches  diameter  cupola 5.13 

Bottom  of  melting  zone  above  top  of  t^\'yer,  inches 10-14 

Weight  of  iron  layer  is  how  many  times  weight  of  coke  layer 13  .  33 

Time  between  starting  fire  and  starting  blast,  hours  and  minutes 2 :  30 

TABLE  7 

Total  iron  melted,  tons 24 

Melting  rate  (blast  on  to  blast  off),  tons  per  hour 9 .  60 

Melting  rate  (iron  down  to  blast  off),  tons  per  hour 10.43 

Time  before  iron  comes  after  blast  is  on,  minutes 12 
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Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (54  inches  diameter),  pounds. 21 .82 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (50  inches  diameter),  pounds 25 .45 

One  pound  coke  melts  how  many  pounds  iron  (including  bed) 9 .  02 

Blast  pressure,  ounces 10 .  00 

Cupola  area  is  how  many  times  twyer  area  (small  end) : 

At  54  inches  diameter  cupola 5 .  98 

At  50  inches  diameter  cupola 5 .  13 

Bottom  of  melting  zone  above  top  of  twyer,  inches  10-14 

Weight  of  iron  layer  is  how  many  times  weight  of  coke  layer 13 .  33 

Time  between  starting  fire  and  starting  blast,  hours  and  minutes 2 :  30 


TABLE  8 

Total  iron  melted,  tons 20 .  30 

Melting  rate  (blast  on  to  blast  off),  tons  per  hour. , : 9 .  75 

Melting  rate  (iron  down  to  blast  off),  tons  per  hour 10 .  91 

Time  before  iron  comes  after  blast  is  on,  minutes 13 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron   down 

to  blast  off  (54  inches  diameter),  pounds 22 .  95 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (50  inches  diameter),  pounds 26 .  77 

One  pound  coke  melts  how  many  pounds  iron  (including  bed) 9 .  02 

Blast  pressure,  ounces 10 .  13 

Cupola  area  is  how  many  times  twyer  area  (small  end) : 

At  54  inches  diameter  cupola 5 .  98 

At  50  inches  diameter  cupola 5 .  13 

Bottom  of  melting  zone  above  top  of  twyer,  inches    10-12 

Weight  of  iron  layer  is  how  many  times  weight  of  coke  layer 14 .  28 

Time  between  starting  fire  and  starting  blast,  hours  and  minutes 2:15 

.      TABLE  9 

Total  iron  melted,  tons 23 .  85 

Melting  rate  (blast  on  to  blast  off),  tons  per  hour 10.36 

Melting  rate  (iron  down  to  blast  off),  tons  per  hour 11 .  35 

Time  before  iron  comes  after  blast  is  on,  minutes 12 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (54  inches  diameter),  pounds 23.77 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (50  inches  diameter),  pounds 27. 73 

One  pound  coke  melts  how  many  pounds  iron  (including  bed) 10 .  02 

Blast  pressure,  ounces 10 .  55 

Cupola  area  is  how  many  times  twyer  area  (small  end) : 

At  54  inches  diameter  cupola *5 .  98 

At  50  inches  diameter  cupola 5. 13 

Bottom  of  melting  zone  above  top  of  twyeis,  inches 10-12 

Weight  of  iron  layer  is  how  many  times  weight  of  coke  layer 15. 38 

Time  between  starting  fire  and  starting  blast,  hours  and  minutes 2:45 

*  Iron  too  dull  on  account  of  too  small  coke  charges. 
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7  During  test  9,  however,  it  was  noticed  that  the  iron  was  not  at 
the  proper  temperature,  so  for  the  next  test,  10,  the  coke  was  increased 
without  altering  the  blast  pressure.  This  resulted  in  a  decreased 
melt  per  hour. 

TABLE  10 

Total  iron  melted,  tons 22 .  35 

Melting  rate  (blast  on  to  blast  off),  tons  per  hour 10 .  25 

Melting  rate  (iron  down  to  blast  off),  tons  per  hour 11 .  17 

Time  before  iron  comes  after  blast  is  on,  minutes 11 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (54  inches  diameter),  pounds 23.39 

Iron  melted  per  minute  per  square  foot  cupola  area,  based  on  iron  down 

to  blast  off  (50  inches  diameter),  pounds 27 .  29 

One  pound  coke  melts  how  many  pounds  iron  (including  bed) 9 .  49 

Blast  pressure,  ounces 10 .  55 

Cupola  area  is  how  many  times  twyer  area  (small  end) : 

At  54  inches  diameter  cupola *5 .  98 

At  50  inches  diameter  cupola .' 5.13 

Bottom  of  melting  zone  above  top  of  tA\-yer,  inches     10-12 

Weight  of  iron  layer  is  how  many  times  weight  of  coke  layer 14. 28 

Time  between  starting  fire  and  starting  blast,  hours  and  minutes 2 :30 

*  Iron  rather  dull,  coke  charge  should  be  increased  from  140  to  150  pounds. 

8  The  remainder  of  the  tests  which  have  been  made  have  not  been 
tabulated,  but  it  has  been  found  that  a  coke  charge  of  150  pounds, 
with  a  blast  pressure  of  10^  ounces  results  in  a  melt  of  between  11 
and  IH  tons  per  hour,  the  iron  coming  down  at  the  proper  temper- 
ature. 

9  We  beheve  that  the  changes  which  are  responsible  for  the  in- 
crease of  our  melting  rate,  were  the  enlargement  of  the  twyer  openings 
and  the  decrease  of  '  our  coke  charges,  the  enlargement  of  the 
twyer  openings  making  it  possible  for  us  to  get  the  necessary  air  into 
the  cupola  without  burning  more  coal  under  our  boiler,  and  the  de- 
crease of  the  coke  charges  resulting  in  a  saving  of  one-half  ton  per 
each  25  tons  of  iron  melted. 

10  A  close  study  of  cupola  action  indicates  at  once  why  an  excess 
of  coke  decreases  the  melting  rate.  Iron  in  the  cupola  is  melted  in  a 
fixed  zone,  the  first  charge  of  iron  above  the  bed  being  melted  by 
burning  coke  in  the  bed.  As  this  iron  is  melted,  the  charge  of  coke 
above  it  descends  and  restores  to  the  bed  the  amount  which  has  been 
burned  away.  If  there  is  too  much  coke  in  the  charge,  the  iron  is 
held  above  the  melting  zone  above  referred  to,  and  the  excess  coke 
must  be  burned  away  before  it  can  be  melted  and  this  of  course  de- 
creases the  economy  and  the  melting  speed. 
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Mr.  H.  M.  Lane  The  discussion  of  this  paper  has  naturally 
included  cupola  practice  to  some  extent,  and  in  the  matter  given  by 
Messrs.  Fortune  and  Wells  a  number  of  points  are  touched  on  which 
it  may  be  well  to  emphasize. 

2  The  experiments  performed  show  conclusively  that  better  result 
were  obtained  by  increasing  the  area  of  the  twyers.  This  is  in  accord- 
ance with  the  facts  which  might  be  expected  from  a  knowledge  of  the 
principles  of  the  combustion  which  takes  place  in  the  cupola.  The 
only  reason  that  blast  pressure  has  to  be  used  is  to  overcome  the 
resistance  which  the  gases  meet  with  in  passing  through  the  charge, 
and  also  to  overcome  the  resistance  of  the  pipes  and  passages  leading 
to  the  cupola.  The  power  necessary  to  overcome  this  resistance  repre- 
sents an  expenditure  of  energy.  The  compression  of  the  air  to  high 
pressures  always  absorbs  power,  and  hence  if  we  can  arrange  to  deliver 
the  same  number  of  pounds  of  ah  to  the  cupola  at  a  lower  pressure 
we  will  save  the  coal  pile  in  the  boiler  room  and  have  more  uniform 
results  from  the  cupola. 

3  This  points  to  the  use  of  large  twyer  areas  and  low  blast  pres- 
sures. With  the  ordinary  height  of  cupola,  however,  these  pressures 
will  usually  run  at  least  ten  ounces;  hence  it  is  simply  a  question  of 
practice  as  to  whether  a  positive  or  fan  blower  shall  be  used.  With 
properly  designed  twyers,  either  will  give  good  results.  With  poorly 
designed  and  proportioned  twyers  the  positive  blower  will  give  the 
best  results,  on  account  of  the  fact  that  it  tends  to  overcome  the  diffi- 
culties introduced  by  bad  twyer  design. 

The  Author  It  was  not  the  purpose  of  this  paper  to  present  the 
actual  results  of  specific  tests;  relative  performances  only  are  shown 
as  indicative  of  average  conditions  and  results.  Air  was  not  assumed 
as  an  incompressible  fluid,  but  allowance  is  made  in  the  formula  for 
its  change  of  density  relatively  to  the  pressure.  The  significant  fig- 
ures are  given  because  so  calculated  by  the  given  formula.  It  is 
merely  a  matter  of  opinion  whether  round  numbers  should  be  substi- 
tuted. The  formula  employed  and  the  results  given  are  those  gener- 
ally accepted  by  blower  manufacturers. 
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PATTERNS  FOR  REPETITION  WORK 

By  E.  H.  BERRY,  ILION,  N.  Y. 
Associate  Member  of  the  Society 

A  pattern  which  is  run  continuously  for  months,  or  perhaps  years, 
clearly  falls  within  the  limits  of  this  paper  as  being  used  for  repetition 
work.  And  it  is  just  as  clear  that  one  which  is  discarded  after  a 
single  casting  has  been  made  from  it  should  be  classed  as  a  pattern 
for  jobbing  work. 

2  The  exact  point  which  marks  the  division  between  them  de- 
pends in  a  large  measure,  upon  the  size  of  the  foundry  and  the  kind 
of  work  it  handles,  and  the  two  classes  frequently  merge  into  each 
other  by  imperceptible  gradations.  Without  attempting  to  fix  spe- 
cific limits,  we  can  use  the  extreme  cases  cited  above  to  indicate  the 
lines  along  which  the  distinction  should  be  drawn,  leaving  each  pat- 
tern user  to  decide  for  himself  as  to  the  precise  position  on  the  scale 
which  he  assigns  to  any  given  pattern. 

3  It  is  this  position  which  usually  determines  the  expenditui-e  that 
can  be  permitted  in  making  the  pattern,  for  it  is  evident  that  a  cost 
which  would  be  perfectly  legitimate  for  making  say  a  million  cast- 
ings, might  be  excessive  if  only  ten  thousand  were  required,  and 
entirely  prohibitive  for  one  thousand.  On  the  other  hand,  the 
circumstances  might  be  such  as  to  justify  a  high  pattern  cost,  even 
for  a  small  number  of  castings,  as  for  instance,  in  the  case  of  certain 
master  patterns,  further  reference  to  which  will  be  made  elsewhere  in 
this  article. 

4  Many  of  the  conclusions  reached  in  this  paper  may  be  borne 
in  mind  to  good  advantage  even  in  the  case  of  jobbing  patterns.  But 
the  very  nature  of  the  service  for  which  these  are  intended  is  such 
that  the  designer  must  leave  most  of  the  details  to  the  judgment  of 
the  pattern  maker;  and  if  the  latter  fails  to  catch  every  important 
point,  it  simply  means  that  the  moulder  may  have  to  spend  some  addi- 
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tional  time  in  producing  the  desired  casting  from  the  pattern  fur- 
nished him.  For  whatever  use  the  pattern  is  intended,  the  problem 
resolves  itself  into  a  question  of  distributing  the  total  work  in  such 
a  way  as  to  attain  the  greatest  economy  in  the  final  result. 

5  Actual  observation  of  the  practical  working  of  different  meth- 
ods of  producing  patterns  has  convinced  the  writer  that  no  pattern 
which  can  be  legitimately  classed  as  being  used  for  repetition  work 
should  ever  be  made  except  from  a  drawing  which  looks  Uke  the 
pattern,  and  gives  the  actual  dimensions  of  the  pattern  itself.  Men- 
tion is  made  of  the  fact  that  the  drawing  should  look  Uke  the  pat- 
tern, for  the  reason  that,  on  small  work,  the  allowances  for  shrinkage, 
finish  and  draft  may  make  the  appearance  of  the  pattern  quite 
different  from  that  of  the  finished  piece. 

6  In  making  patterns  for  repetition  work,  micrometer  calipers, 
vernier  calipers,  height  gages,  etc.,  are  constantly  called  into  requi- 
sition, and  as  it  would  be  both  expensive  and  confusing  to  attempt 
to  duplicate  these  in  different  shrinkage  scales,  it  becomes  necessary 
to  work  to  figures  which  include  the  necessary  allowances  for  shrink- 
age. To  the  man  who  is  accustomed  to  big  work  on  which  a  quarter 
of  an  inch  is  close,  and  a  thirty-second  is  the  very  height  of  refine- 
ment, it  may  seem  absurd  to  use  thousandths  in  measuring  patterns. 
But  there  are  many  cases  in  repetition  work  where  this  degree  of 
accuracy  is  not  only  desirable  but  absolutely  essential. 

7  As  an  example  of  the  effects  of  shrinkage  and  finish,  let  us 
assume  that  we  wish  to  produce  the  piece  shown  in  the  upper  part 
of  Fig.  1,  the  marks  /  indicating  finished  surfaces. 

8  The  lower  part  of  Fig.  1  shows  the  actual  pattern  dimensions, 
assuming. 

Shrinkage  per  inch  of  length,  S  =  0.01  inch 
Allowance  for  finish,  F  =  0 .  04  inch 

In  this  particular  case,  the  various  combinations  of  shrinkage  and 
finish  modify  the  final  4  inch  dimensions  so  as  to  produce  dimensions 
of  3.96  inches,  4.00  inches,  4.04  inches,  4.08  inches  and  4.12  inches 
on  the  pattern. 

9  In  actual  practice,  the  chmensions  would  not  usually  be  strung 
out  in  one  continuous  line  as  in  Fig.  1,  but  would  probably  double 
back  on  themselves  to  some  extent.  In  addition,  the  shape  of  the 
casting  might  be  such  as  to  make  the  shrinkage  irregular;  it  might 
be  desirable  to  allow  more  finish  at  certain  surfaces  than  at  others, 
and  it  might  be  necessary  to  make  additional  allowances  for  draft. 
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10  In  view  of  all  the  factors  to  be  considered,  the  determination 
of  the  pattern  dimensions  by  a  process  of  mental  arithmetic  may  be 
an  excellent  athletic  exercise  for  the  brain,  but  it  is  not  a  problem 
which  a  mechanic  should  be  called  upon  to  solve  during  working 
hours. 

11  It  is  also  necessary  to  remember  that  very  few  machinists  or 
tool  makers  have  much  detailed  knowledge  of  foundry  practice,  and 
that  the  trade  of  metal  pattern  making  is  still  comparatively  new. 
Patterns  made  and  carded  according  tojbhe  best  judgment  of  a  tool 
maker  have  often  been  entirely  rebuilt  after  the  first  attempt  to  run 
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FIG.  1     ALLOWANCES  FOR  SHRINK  AND  FINISH 


them  in  the  foundry.  Of  course  such  occurrences  indicate  lack  of 
cooperation,  but  the  only  practical  way  to  secure  effective  coopera- 
tion is  to  prepare  a  drawing  which  records  the  decision  reached  after 
due  consideration  by  all  the  interested  parties. 

12  There  is  no  doubt  but  that  the  best  and  most  economical 
results  are  obtained  by  using  men  who  are  skilled  in  working  accurately 
to  drawings,  and  then  supplying  them  with  drawings  which  they  can 
follow  absolutely.  Even  if  it  were  possible  for  the  workman  to  carry 
in  his  head  the  various  allowances  required  on  a  pattern,  the  lack  of 
a  record  covering  them  would  lead  to  endless  trouble  and  confusion. 
If  a  pattern  has  to  be  dupUcated  or  replaced,  the  worn  one  must 
either  be  copied  as  closely  as  possible,  or  the  workman,  who  may  or 
may  not  be  the  author  of  the  original  pattern,  must  introduce  a  new 
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set  of  allowances.  And  while  it  sounds  simple  to  tell  a  man  to  "  make 
another  just  like  this,"  we  all  know  how  the  little  errors  accumulate 
until  the  final  result  is  startlingly  different  from  the  original.  It  is 
said  that  a  Chinaman  can  and  will  copy  a  model  with  absolute  fidelity, 
but  no  one  has  ever  had  the  hardihood  to  make  a  like  assertion  in 
regard  to  a  workman  of  any  other  nationality. 

13  For  computing  shrinkages,  the  drawing  room  should  be  fur- 
nished with  a  table  giving  the  shrinkage  per  inch  (in  hundredths  or 
thousandths  of  an  inch)  fof  each  of  the  materials  commonly  used. 
This  shrinkage,  multiplied  by  the  length  in  inches  of  any  part  of  the 
casting,  gives  the  allowance  in  inches  direct.  It  may  seem  super- 
fluous to  explain  this  apparently  self  evident  procedure,  but  the  author 
has  seen  cases  in  which  the  shrinkage  was  expressed  in  fractions  of 
an  inch  per  foot  of  length  and  in  which  each  dimension  was  carefully 
translated  into  decimals  of  a  foot  before  multiplying  by  the  constant. 

14  It  will  frequently  happen  that  there  are  certain  parts  of  a 
casting  where  a  high  degree  of  accuracy  is  not  necessary,  and  a  very 
little  time  spent  by  the  drawing  room  in  determining  and  indicating 
these  points  will  be  amply  repaid  by  the  saving  in  making  the  pat- 
terns. The  required  degree  of  accuracy  can  best  be  indicated  by 
means  of  the  number  of  decimal  places  in  the  figure  giving  the  dimen- 
sion. In  using  this  method  there  must  be  an  understanding  between 
the  drawing  room  and  pattern  maker  that  the  permissible  error  is 
never  greater  than  one  in  the  last  decimal  place.     For  instance, 

1 .  127  indicates  a  permissible  error  of  0 .  00 1  inch  ± 
1 .  120  indicates  a  permissible  error  of  0 .  001  inch  ± 
1.12    indicatesapermissibleerror of  0.01    inch  ± 
1.10    indicates  a  permissible  error  of  0 .  01    inch  ± 

15  Reference  to  the  Fig.  2  to  14,  illustrating  the  various  methods 
of  carding,  and  to  Fig.  15  to  25  illustrating  the  location  of  the  part- 
ing Hne,  will  show  that  many  different  arrangements  for  draft  are 
possible,  although  only  one  may  be  desirable.  The  pattern  drawing 
should  therefore  show  where  the  parting  comes,  and  should  indicate 
the  amount  of  draft  to  be  allowed  at  different  points.  The  allow- 
ances for  draft  are  discussed  in  detail  under  a  separate  heading. 

16  A  carding  drawing  should  be  prepared  in  conjunction  with 
the  drawing  of  the  pattern  itself.  These  must  be  carried  along  to- 
gether, as  a  change  in  one  will  usually  affect  the  other.  The  carding 
drawing  should  show  clearly  the  arrangement  of  the  runner,  the 
enlarged  portion  of  the  runner  where  the  sprue  is  to  be  cut,  the  loca- 
tion and  size  of  the  gates,  the  points  at  which  they  join  the  patterns, 
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the  arrangement  of  the  patterns,  the  location  and  size  of  risers  or 
shrink  balls,  if  used,  and  the  connections,  if  any,  which  may  be  needed 
in  addition  to  the  gates  for  supporting  the  patterns.  It  may  really 
be  looked  upon  as  an  assembly  drawing,  and  will  usually  require  only 
a  few  dimensions. 

17  To  avoid  the  confusion  which  might  arise  if  carding  drawings 
sometimes  show  the  drag  side  and  sometimes  the  cope  side,  it  is  well  to 
adopt  the  rule  of  showing  all  cardings  as  they  would  appear  when 
looking  at  the  drag  side.  In  the  case  of  an  "open"  carding,  this  rule 
causes  the  pattern  to  be  shown  as  it  appears  when  looking  down  on 
it  as  it  lies  on  its  mold  board. 

18  Turning  now  from  the  general  requirements,  we  may,  for  con- 
venience, group  under  the  following  headings  those  details  which 
involve  a  consideration  of  the  peculiarities  of  each  individual  case: 

A  The  number  of  patterns  to  be  grouped  in  one  card  and  the 

size  of  the  flask. 
B  The  method  of  carding,  whether  mounted  on  a  "plate" 

or  as  a  "split"  pattern,  or  "open"  for  use  with  a  mold 

board,  etc. 
C  Location  of  the  parting  line. 
D  Allowances  for  draft. 
E  Arrangement  of  the  gates,  runners,  risers  and  supporting 

connections. 
F  The  material  of  the  pattern,  and  of  the  runner,  plate,  mold 

board,  etc. 
G  The  points  on  the  pattern  at  which  special  accuracy  is 

required. 
H  The  amount  of  work  to  be  expended  on  the  pattern. 

19  These  in  turn  depend  on  the  given  conditions  which  may  be 
tabulated  as  follows: 

a  The  size  and  shape  of  the  casting. 

b  The  special  requirements,  if  any,  which  may  call  for  placing 
the  pattern  in  a  certain  position  or  for  providing  risers, 
shrink  balls,  etc.,  in  order  to  secure  sound  castings. 

c  The  machining  operations  to  be  performed  on  the  casting. 

d  The  locating  points  for  these  operations. 

e  The  points  at  which  fillets  and  rounds  are  required. 

/  The  degree  of  accuracy  needed  at  unmachined  portions  and 
points,  if  any,  where  special  accuracy  is  required. 

g  The  rate  at  which  the  castings  are  to  be  produced. 

h  The  probable  total  number  required. 
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i  The  probable  length  of  the  intervals  during  which  the  pat- 
tern is  out  of  use,  and  the  conditions  under  which  it  is 
stored  during  these  intervals. 

20  Having  determined  the  considerations  affecting  the  design  and 
construction,  we  may  consider  them  in  detail. 

THE   NUMBER  OF   PATTERNS  TO   BE   GROUPED  IN  ONE   CARD,    AND  THE 
SIZE    OF   THE    FLASK 

21  For  snap  flask  work  it  is  usually  necessary  to  allow  a  wall 
of  sand  about  one  inch  thick  outside  of  the  extreme  points  of  the  pat- 
terns. If  the  card  consists  of  a  number  of  small  patterns,  the  walls 
of  sand  between  them  tie  into  the  outer  wall  and  help  to  support  it. 
Under  these  conditions  no  further  support  is  necessary  for  castings 
extending  say  ^  inch  or  less  above  or  below  the  parting  Une.  If  the 
castings  are  deeper,  or  if  there  is  a  considerable  length  of  outer  wall 
which  is  not  supported  by  other  walls  tjdng  into  it,  a  band  may  have 
to  be  provided,  but  the  one  inch  dimension  may  still  be  maintained. 
In  most  cases  the  work  of  handling  the  band  is  less  than  the 
work  of  handling  the  increased  amount  of  sand  required  by  a  larger 
mold.  Even  if  iron  flasks  are  used,  the  one  inch  dimension  should 
generally  be  adhered  to,  as  there  is  apt  to  be  trouble  in  ramming, 
and  danger  of  the  flask  acting  as  a  chill  if  the  outer  wall  of  sand  is 
reduced  much  below  that  figure. 

22  Unfortunately  the  manufacturers  of  foundry  supplies  seem  to 
have  made  no  attempt  whatever  to  select  certain  sizes  of  flasks  which 
can  be  looked  upon  as  standard,  and  therefore  given  the  preference 
whenever  circumstances  permit.  Their  catalogues  usually  state  that 
they  will  make  any  size  of  flask  desired,  but  this  does  not  help  the 
man  who  is  endeavoring  to  standardize  his  equipment. 

23  Special  sizes  can  never  be  entirely  avoided,  but  the  author 
recommends  the  general  adoption  of  two  sizes  which  have  proved 
very  convenient  for  small  snap  flask  work.  The  smaller  of  these,  9 
by  16  inches,  inside  measurement,  is  the  best  all  round  flask  for  work 
within  its  range.  The  larger  one,  10  by  18  inches,  inside  measure- 
ment, is  nearly  as  convenient,  and  there  is  no  serious  objection  to  its 
use,  provided  it  permits  of  a  more  advantageous  grouping  for  a  given 
pattern.  There  is,  however,  a  limit  beyond  which  the  increased 
weight  of  each  mold  more  than  offsets  the  advantage  secured  by  the 
reduction  in  the  number  of  molds.  Experience  shows  that  the  out- 
put with  a  mold  9  by  16  inches  is  just  about  equal  to  the  output  with 
a  mold  10  by  18  inches  holding  one-third  more  castings.     Whether  or 
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not  the  larger  flask  will  increase  the  capacity  more  or  less  than  this 
amount  can  be  determined  only  by  laying  out  the  possible  groupings 
for  each  size. 

24  Whenever  there  is  a  choice  between  any  two  sizes  and  their 
outputs  are  practically  equal,  the  preference  naturally  rests  with  the 
smaller  one  as  involving  the  smaller  expense  for  patterns,  flasks,  etc. 

25  In  fixing  the  length  and  width  of  a  flask,  the  designer  has  usu- 
ally some  latitude  as  he  can  vary  the  grouping  of  his  patterns,  but  the 
depths  of  the  drag  and  cope  are  less  under  his  control.  As  the  sand 
in  the  drag  is  never  called  upon  to  support  its  own  weight,  the  depth 
of  the  drag  need  never  be  greater  than  is  necessary  to  provide  suf- 
ficient sand  (say  1^  inches  after  ramming  or  squeezing)  below  the 
deepest  portion  of  the  pattern.  The  depth  of  the  cope  must  be 
sufficient  to  give  a  corresponding  amount  of  sand  above  the  pattern, 
and  it  must  also  be  sufficient  to  make  sure  that  the  sand  will  support 
its  own  weight  when  the  cope  is  lifted.  The  depth  of  the  cope  will 
sometimes  be  fixed  by  one  and  sometimes  by  the  other  of  these  re- 
quirements. 

TABLE  1     MINIMUM  DEPTH  OF  FLASK 


SIZE    OF    FLASK  IN  INSIDE  jMINlMUM    DEPTH    OF    FLASK    GIV-         APPROXIMATE    DEPTH    OP 

MEASUREMENTS  ING  A  COPE  THAT  CAN  BE  LIFTED  COPE  HALF  OF  MOLD 


9   by    16    inches 

3    inches 

li  inches 

10  by   18    inches 

3i  inches 

2    inches 

12i  by  17i  inches 

3i  inches 

2i  inches 

13i  by  15i  inches 

3i  inches 

2i  inches 

14    by  23    inches 

4    inches 

.2 J  inches 

26  If  the  ramming  is  done  by  hand,  the  mold  is  struck  off  flush 
with  the  flask,  and  the  depth  of  the  latter  corresponds  with  the  desired 
depth  of  the  mold.  If  the  mold  is  squeezed  by  power,  the  flask  must 
be  deeper  than  the  desired  depth  of  the  mold  by  an  amount  equal 
to  the  squeeze.  The  squeeze  may  be  figured  as  about  four  tenths 
of  the  original  average  depth  of  loosely  packed  sand. 

27  If  the  pattern  is  mounted  in  a  frame,  the  depth  of  the  drag  half 
of  the  flask  must  be  further  corrected  by  deducting  an  amount  equal 
to  the  thickness  of  the  frame.  The  frame  should  always  be  considered 
as  belonging  to  the  drag  half  of  the  flask. 

28  Table  1  gives  the  minimum  depth  of  flask  which  experience 
has  shown  to  be  permissible  for  a  cope,  squeezed  by  power,  in 
order  that  the  sand  may  support  its  own  weight. 

29  If  the  conditions  require  a  deep  flask,' or  one  which  is  larger 
than  either  of  the  two  sizes  mentioned,  care  should  be  taken  when- 
ever possible  to  avoid  molds  beyond  the  capacity  of  a  single  operator. 
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30     For  snap  flask  work  the  limits  for  a  one-man  mold  are  about 
as  follows: 

A  Width  12  inches  inside  of  flask.     A  greater  width  makes  the 

mold  Uable  to  tip  toward  or  from  the  operator. 
B  Length  24  inches  inside  of  flask.     A  greater  length  requires 

an  excessive  spread  of  the  arms. 
C  Weight  85  pounds  corresponding  roughly,   for  flasks  of 

average  depth,  to  an  internal  flask  area  of  250  square 

inches. 


plate: 


FIG.  2     "PLATE"  PATTERN 


31  Care  should  be  exercised  to  avoid  molds  which  are  square  or 
nearly  square,  as  they  are  Uable  to  tip,  even  if  the  width  is  less  than 
the  12  inches  specified  above.  The  best  shape  is  obtained  when  the 
j?^  of  the  length. 


width  is  from  -^-^  to 


FIG.  3     CASTINGS  STAGGERED  IN  DRAG  AND  COPE 

32  When  carrying  a  mold  supported  by  a  solid  flask  the  operator 
can  rest  it  against  his  body,  whereas  a  mold  from  which  the  flask  has 
been  removed  must  be  s-s\Ting  free  from  all  danger  of  contact.  For 
this  reason  solid  flasks  may  be  somewhat  larger  than  snap  flasks  in 
spite  of  the  fact  that  the  flask  itself  has  to  be  handled  in  addition 
to  the  mold.  The  permissible  increase  may  be  taken  at  about  10 
per  cent  in  length,  30  per  cent  in  width,  and  50  per  cent  in  weight. 

33  Although  output  is  an  important  consideration,  we  must  not 
lose  sight  of  the  fact  that  it  is  not  the  sole  determining  factor  in 
selecting  a  flask  size.     If  the  required  rate  of  production  is  low  and 
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the  probable  total  requirements  small,  it  may  pay  better  to  mount 
a  few  patterns  on  a  small  card  in  preference  to  carding  even  a  con- 
siderably increased  number  for  a  slightly  larger  flask.  Further  refer- 
ence to  this  will  be  made  under  heading  "The  amount  of  work  to  be 
expended  on  the  pattern." 

PATTEfiA/ 
RLATEi 


FIG.  4     "STAGGERED  PLATE"  PATTERN 

34  Every  possible  care  should  be  exercised  to  Umit  the  numbei 
of  different  sizes  of  flasks.  A  record  should  be  kept  of  all  existing 
sizes,  and  no  new  size  should  be  created  unless  it  is  perfectly  certain 
that  none  of  the  old  ones  are  suitable. 

35  It  will  nearly  always  be  a  safe  rule  to  use  a  plate  whenever 
the  pattern  permits.     It  gives  the  most  durable  construction,  and 


PI- ate:. 


CETAJTER      or     PLASK 


V>  ^  <    /;    V    :;v  :    ;:  '  ^  el  ask:  ; .  ; . — r^^ 

FIG.  5     "REVERSIBLE  PLATE"  PATTERN 


THE    METHOD    OF   CARDING 

except  in  special  cases,  such  as  those  shown  in  Fig.  5  and  11,  it  per- 
mits of  making  both  halves  of  the  mold  at  once.  The  simplest  case 
arises  when  one  side  of  the  pattern  is  flat,  permitting  it  to  be  mounted 
as  shown  in  Fig.  2. 

36  If,  instead  of  being  shallow,  the  pattern  is  deep,  a  considerable 
,  space  must  be  left  between  adjoining  patterns  to  give  a  sufficient 
wall  of  sand.  In  such  a  case  a  saving  can  be  effected  by  putting  the 
patterns  alternately  above  and  below  the  parting  line  as  in  Fig.  3. 
This  can  be  arranged  in  two  ways;  by  actually  mounting  patterns  on 
both  sides  of  the  plate,  as  in  Fig.  4,  or  by  making  only  half  the  num- 
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ber  of  patterns  and  mounting  them  on  one  side  as  shown  in  Fig.  5. 

37  It  is  evident  that  if  the  first  half  mold  made  is  used  as  the 
drag  and  the  next  one  turned  over  and  placed  on  it  as  the  cope,  the 
desired  staggering  will  be  obtained.  This  style  of  plate  is  sometimes 
known  as  a  "reversible  plate,"  although,  strictly  speaking,  it  is  the 
mold  and  not  the  plate  that  is  reversible. 


PATTE.RN 


plate: 


PATTERN 

FIG.  6 
"  Plate"  Pattern  with  Portions  of  Pattern  on  Each  Side  of  Plate 

38  The  first  method  gives  the  greater  output,  as  both  halves  of 
the  mold  may  be  made  at  once.  It  is  to  be  preferred  for  shallow 
patterns  of  simple  form,  as  it  obviates  the  necessity  for  special  accu- 
racy in  locating  the  patterns  and  keeping  flask  pins  true.  If  the 
pattern  is  complicated,  a  decided  saving  in  pattern  cost  can  be  effected 
by  using  the  second  method.  If  the  pattern  involves  a  deep  draw, 
the  second  method  is  again  to  be  preferred,  as  it  requires  only  the 
lifting  of  the  pattern  from  the  sand,  and  not  the  lifting  of  the  cope 


PATTERN 


PLATE 


PATTERN 


FIG.  7 
"Plate  "  Pattern  Calling  for  Accurate  Matching  of  Drag  and  Cope 

off  of  the  pattern.  The  "reversible"  method  has  the  disadvantage 
which  may  in  some  cases  prove  serious,  of  producing  half  the  castings 
under  one  set  of  gating  and  cooling  conditions  and  half  under  another 
set.     This  is  referred  to  in  further  detail. 

39  Careful  work  to  make  the  two  sides  of  the  plate  match,  and 
to  keep  the  flask  pins  true  is  necessary  if  portions  of  the  pattern 
have  to  be  mounted  on  opposite  sides  of  the  plate.  If  a  square  cor- 
ner is  permissible  at  A,  they  may  be  mounted  as  in  Fig.  6.  If  a 
round  corner  is  required  at  both  A  and  B,  they  must  be  mounted  as 
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in  Fig.  7.     The  staggered  arrangement  can  also  be  used  for  patterns 
extending  on  both  sides  of  the  parting  Une  as  in  Fig.  8. 

40     In  order  that  the  two  halves  of  the  mold  may  meet  properly 
the  vertical  distance  between  the  upper  and  lower  faces  of  the  plate 


FIG.  8 

"Staggered  Plate"  Pattern  with  Portions  of  Pattern  on  Each  Side  of  Plate 

must  be  constant  throughout,  excepting  at  certain  points  where  an 
excess  thickness  is  purposely  provided,  as  referred  to  later.  This 
condition  can  be  easily  met  if  the  parting  surface  is  a  plane,  but 
prohibits  the  use  of  a  plate  if  this  surface  assumes  a  compUcated 
shape.     If  the  surface  can  be  given  some  simple  geometrical  form 


CAST/Ng 


PATTE/RA/ 


PI.  ATE 


CA  S  T/A/a 


FIG.  9 
"Plate"   Patterns   in   Which  the   Parting  Surfaces   are  not   Plane 

which  can  be  easily  machined,  a  plate  can  often  be  used  to  good 
advantage  even  if  the  parting  is  not  in  a  single  plane.  Several  cases 
of  this  kind  are  illustrated  in  Fig.  9. 

41  In  making  such  plates,  the  best  results  will  be  obtained  if  a 
little  extra  thickness  is  given  to  the  plate  at  any  points  where  an 
exact  fit  of  the  mold  is  not  required.     For  example,  in  the  first  of  the 
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patterns  shown  in  Fig.  9,  the  different  sections  through  the  molds 
should  appear  as  shown  in  Fig.  10. 

42     The  "spUt"  pattern  is  really  a  modification  of  the  patterns 
shown  in  Fig.  6,  7  and  8,  which  is  used  if  the  draw  is  so  deep  that  the 
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FIG.   10    CLEARANCE  AT  UNIMPORTANT  PORTIONS  OF  PARTING  SURFACE 

cope  can  not  well  be  lifted  off  of  the  pattern.  In  such  a  case  the 
pattern  is  split,  each  half  being  separately  mounted  as  in  Fig.  11. 
The  pattern  is  lifted  from  the  drag  and  also  from  the  cope,  and  the 
latter  is  turned  over  and  set  on  the  drag,  making  the  completed  mold 


DRAGr 


FIG.  11     "SPLIT"  PATTERN 

appear  as  in  Fig.  12.  If  used  with  a  stripping  plate  the  principle  is 
the  same,  only  the  patterns  are  reversed  and  drawn  downward 
through  the  plate,  instead  of  being  lifted  up.  If  the  casting  happens 
to  be  symmetrical  about  the  parting  Une,  a  single  pattern  can  be  used 
for  both  the  drag  and  cope. 


PATTERNS    FOR   REPETITION    WORK 


973 


43  If  the  parting  surface  is  too  irregular  for  a  plate  the  ordinary 
pattern  connected  to  a  runner  and  provided  with  additional  sup- 
ports, if  necessary,  must  be  used,  so  as  to  make  an  "open"  carding. 
As  this  construction  gives  no  backing  to  the  pattern,  a  separate  sup- 
port must  be  provided  in  the  form  of  a  mold  board.  The  use  of  the 
mold  board  makes  it  impossible  to  ram  up  both  halves  of  the  pattern 
at  once.  If  power  squeezers  are  used  with  this  style  of  pattern,  spe- 
cial care  must  be  taken  to  give  the  drag  a  heavy  squeeze  and  the  cope 
a  light  one.  If  this  precaution  is  not  observed  the  pattern  will  be 
sprung,  and  pressed  still  further  into  the  drag  half,  when  the  cope 
is  squeezed.  When  ramming  by  hand  there  is  less  danger  of  spring- 
ing as  the  support  afforded  by  the  drag  has  to  resist  only  the  local- 
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FIG.  12  MOLD  MADE  FROM  "SPLIT"  PATTERN 


ized  blow  of  the  rammer  instead  of  a  pressure  exerted  simultaneously 
over  the  entire  parting  surface. 

44  If  the  molds  are  squeezed  by  power,  it  is  desirable  to  put 
cleats  under  the  mold  board  so  that  the  total  height  will  be  such  as 
to  keep  the  idle  portion  of  the  stroke  as  small  as  possible  at  all  times. 

From   Fig.    13 

A  -I-  X  =  B  +  C 
it  follows  that 

Desired  height  of  mold  board,  x  =   B  +  C  —  A 

=  C— (A  — B) 
where  C  is  the  combined  height  of  cope  and  squeezing  board  before 
squeezing,  and  A  —  B  is  the  amount  of  squeeze  in  the  drag. 

45  Locating  the  cleats  so  as  to  reduce  the  deflection  of  the  mold 
board  to  a  minimum  is  a  matter  which  deserves  attention,  particularly 
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in  the  case  of  long  flasks.  It  may  be  assumed  that  the  pressure 
exerted  on  the  mold  board  through  the  sand  is  practically  uniform 
at  all  points,  and  the  mold  board  may  therefore  be  treated  as  a  girder, 
resting  on  two  supports  and  uniformly  loaded  as  shown  in  Fig.  14. 


Ready  to  squeeze  drag         After  squeezing  drag  Ready  to  squeeze  cope 

FIG.  13     HEIGHT  OF  MOLD  BOARD 

46     For  a  pressure  of  P  pounds  per  inch  of  length,  the  deflections 
may  be  represented  as  follows: 


P    (     — z W 


Deflection  at  ends  of  mold  = 


L  —  D  N  3 


EI 


.       , ,       P  D      D' 
Deflection  at  center  of  mold  =  ^^.      77-; 

384      E  I 

Placing  these  equal  to  each  other,  and  solving  we  get 

V3 


D  = 


M 


3  +  1 


(L  -  2  W) 


D  =  0.568     (L  -2W) 

47  The  cleats  on  the  bottom  boards  and  squeezing  boards  should 
be  centered  with  the  cleats  on  the  mold  boards.  The  thickness  of 
the  squeezing  board  and  of  the  bottom  board,  including  the  cleats 
in  both  cases,  must  be  greater  than  the  distance  traveled  in  squeezing. 
The  middle  view  in  Fig.  13  will  make  this  clear. 


LOCATION    OF   THE    PARTING    LINE 


48  The  location  of  the  parting  hne,  both  with  reference  to  the 
pattern  itself,  and  with  reference  to  the  edges  of  the  flask,  is  highly 
important,  and  the  judgment  used  in  its  selection  may  make  the 
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whole  difference  between  success  and  failure  in  producing  the  molds. 
In  locating  it  we  should  be  governed  by  these  rules: 

A  Avoid  steep  inclines  in  the  abutting  surfaces  of  the  drag 

and  cope.     Always  keep  these  surfaces  as  nearly  square 

to  the  line  of  lift  as  possible. 
B  Avoid  unsupported  projections  of  sand,  particularly  in  the 

cope.  Avoid  hanging  pockets  of  sand  in  the  cope. 
C  Make  the  draw  in  lifting  the  cope  as  small  as  possible. 
D  Where  a  draw  in  the  cope  is  unavoidable,  endeavor  to  keep 

it  up  within  the  flask  so  that  the  latter  will  support  it. 


FIG.  14     SPACING  OF  CLEATS 


E  When  practicable,  avoid  a  parting  surface  which  intersects 
a  face  of  the  casting.  Give  the  preference  to  a  parting 
which  forms  a  continuation  of  a  face  even  if  a  rounded 
corner  has  to  be  sacrificed. 

F  If  a  mold  board  is  used,  avoid  exposed  joints  between  it  and 
the  pattern. 

49  Following  these  rules  the  first  of  the  partings  shown  in  Fig.  15 
to  19  inclusive  are  the  ones  to  be  preferred  in  each  case.  Partings 
similar  to  those  shown  in  Fig.  20  to  24  inclusive  should  be  used  only 
if  necessary,  and  of  the  two  partings  shown  in  Fig.  25  the  first  is  to 
be  preferred. 

50  Fig.  15  illustrates  the  avoidance  of  the  steep  incUne  at  A  and 
of  the  hanging  pockets  of  sand  at  B  and  C.  Fig.  16  illustrates  the 
avoidance  of  the  unsupported  projections  of  sand  at  D  and  of  the 
hanging  pocket  of  sand  at  E  and  F.  Fig.  17  and  18  illustrate  again 
the  avoidance  of  hanging  pockets  of  sand  at  G,  H,  J  and  K,  and  Fig. 


976 


PATTERNS    FOR    REPETITION    WORK 


15  to  19  inclusive  illustrate  the  features  of  keeping  the  draw  in  the 
cope  as  small  as  possible,  and  of  keeping  it  up  inside  of  the  flask. 

51  It  is  interesting  to  note  that  the  appUcation  of  these  rules 
results,  in  different  cases,  in  locating  the  casting  in  each  of  the  three 
possible  positions  in  the  mold,  namely:  entirely  within  the  cope,  as 
in  Fig.  17;  partially  in  the  cope  and  partially  in  the  drag  as  in  Fig. 
IS;  and  entirely  in  the  drag  as  in  Fig.  19. 

52  Fillets  and  rounded  corners  are  such  excellent  things — in 
their  proper  places — and  their  importance  has  been  written  about 
and  talked  of  so  much,  that  we  are  sometimes  led  into  calHng  for 


Correct  parting 


Incorrect  parting 

FIG.  15 

Avoidance  of  Steep  Inclines  in  Parting  Surface  and  of  Hanging  Pockets  of   Sand 


them  in  places  where  they  are  of  no  help  to  the  casting,  and  really 
become  very  objectionable  on  the  pattern. 

53  For  instance  in  the  very  simple  pattern  shown  in  Fig.  2.  If 
it  were  absolutely  necessary  to  round  all  the  corners  it  would  have 
to  be  mounted  as  shown  in  Fig.  20,  adding  extra  expense  to  the  mak- 
ing of  the  pattern,  and  making  it  necessary  to  exercise  constant  vigi- 
lance to  keep  the  flask  pins  true. 

54  If  it  were  permissible  for  the  corners  B  and  C  of  Fig.  20  and 
21  to  be  square,  the  pattern  might  be  mounted  as  shown  in  Fig.  21. 
This  would  still  permit  of  a  round  at^.  If  a  fillet  were  required  at 
C  of  Fig.  21,  it  would  run  out  to  a  feather  edge  at  the  upper  surface 
of  the  plate,  and  if  a  smooth  and  true  surface  were  required  at  that 
point  of  the  casting,  the  pattern  would  have,  to  be  set  into  the  plate 
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as  in  Fig.  22.  The  objection  to  this  fillet  applies  only  to  "plate" 
patterns  and  not  to  "open"  cardings.  If  carded  "open,"  the  mold 
and  pattern  would  appear  as  in  Fig.  23.  The  objection  to  the  double 
rounded  corners,  however,  holds  for  the  "open"  carding  as  well  as 


Incorrect  parting 

FIG.  16 
Avoidance  of  Unsupported  Projections  of  Sand  and  of  Hanging  Pockets  of  Sand 

for  the  plate,  as  the  cope,  instead  of  being  flat,  would  have  to  be 
brought  down  as  shown  in  Fig.  24. 

55     Whenever  a  rounded  corner  involves  the  shifting  of  the  parting 
line  from  its  best  position,  an  efifort  should  always  be  made  to  modify 


Correct  parting  Incorrect  parting 

FIG.  17    CASTING  IN  COPE 

the  design  so  as  to  permit  of  a  square  corner  at  that  point.  If  the 
trouble  is  feared  from  the  chilhng  of  the  corner  it  is  well  to  remember 
that  in  hand  molding  this  chilling  is  more  frequently  due  to  wetting 
the  mold  than  to  the  actual  sharpness  of  the  corner.  In  machine 
molding,  using  well  made  patterns  with  ample  draft,  there  should  be 
no  occasion  whatever  for  wetting  the  edges  of  the  mold. 
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56  In  avoiding  objectionable  projections  or  hanging  pockets  of 
sand,  it  will  be  of  assistance  to  bear  in  mind  that  the  mold  board 
corresponds  exactly  to  the  cope,  and  that  all  irregularities  in  one 
will  be  reproduced  in  the  other.  It  is  therefore  always  desirable  to 
keep  the  mold  board  as  free  from  such  irregularities  as  may  be  con- 
sistent with  the  other  requirements  which  have  to  be  met. 

57  In  the  case  of  the  pattern  shown  in  Fig.  25,  it  makes  little 
difference,  as  regards  the  draw,  which  side  is  put  in  the  cope.     But 


COP£ 


J3RAG 

Correct  parting  Incorrect  parting 

FIG.  18     CASTING  PARTIALLY  IN  DRAG  AND  PARTIALLY  IN  COPE 


of  the  two  positions  shown  the  first  is  to  be  preferred,  as  it  avoids 
the  exposed  joint  at  D.  Such  a  joint  requires  careful  fitting  when 
the  mold  board  is  made,  and  frequent  repairs  are  necessary  to  main- 
tain its  accuracy.  By  placing  the  pattern  in  the  first  position  it 
covers  the  recess  in  the  mold  board  entirely.  In  this  case  the  recess 
merely  becomes  a  clearance  opening,  and  no  fit  is  necessary,  except 
perhaps  at  the  bottom,  in  order  to  support  the  pattern  and  to  pre- 


Correct  parting  Incorrect  parting 

FIG.  19     CASTING  IN  DRAG 


vent  it  from  springing.  The  first  position  has  the  further  advantage 
of  requiring  the  removal  of  less  material  from  the  board.  The  carv- 
ing of  a  mold  board  is  a  tedious  and  expensive  hand  operation  at  the 
best,  and  every  method  of  reducing  this  expense  is  well  worth  con- 
sidering. 

58  In  the  foregoing  we  have  considered  molding  conditions  but 
not  casting  conditions.  A  description  of  the  latter  would  be  beyond 
the  scope  of  this  paper,  but  attention  is  called  to  the  fact  that  they 
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may  at  times  necessitate  a  departure  from  the  arrangement  which 
would  be  the  most  desirable  if  only  the  making  of  the  mold  had  to  be 
reckoned  with. 


FIG.  20     PLATE  PATTERNS  WITH  ALL  CORNERS  ROUNDED 
ALLOWANCES    FOR    DRAFT 

59  It  is  necessary  that  draft  toward  the  parting  line  be  provided 
in  all  cases.  A  smaller  draft  is  permissible  when  the  pattern  is  Hfted 
from  the  sand,  as  in  the  case  of  "reversible  plate"  patterns,  "split" 
patterns,  and  the  drag  side  of  all  other  patterns,  than  when  the  mold 
is  lifted  off  of  the  pattern,  as  in  the  cope-half  of  all  except  "reversible 
plate"  patterns  and  "split"  patterns. 


FIG.  21     PLATE  PATTERN  WITH  SOME  CORNERS  LEFT  SQUARE 


60  If  the  draw  is  shallow,  it  is  usually  desirable  to  express  the 
draft  in  degrees,  but  if  the  draw  is  deep,  it  is  better  to  give  dimensions 
for  the  top  and  bottom  of  the  taper.     In  the  first  case  a  slight  error 
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in  measuring  the  angle  would  not  sensibly  affect  the  dimensions  of 
the  piece,  while  a  slight  error  in  the  dimensions  might  change  the 
draft  very  considerably.  In  the  second  case  the  conditions  are 
exactly  reversed. 


FIG.  22     PATTERN  INSERTED  IN  "PLATE"  TO  PROVIDE  GOOD  FILLETS 

For  those  portions  of  a  pattern  which  are  drawn  from  the  sand, 
the  draft  should  never  be  less  than  1  degree  on  a  side,  or  0.02  inch 
per  inch,  on  a  side.  If  possible  it  should  be  about  2  degrees  on  a  side 
or  0.03  inch  to  0.04  inch  per  inch  on  a  side. 


FIG.  23     FILLETS  IN  "OPEN"  CARDED  PATTERNS 


For  those  portions  of  a  pattern  from  which  the  cope  has  to  be  lifted, 
the  draft  should  never  be  less  than  \\  degrees  on  a  side,  or  0.03  inch 
per  inch  on  a  side.  If  possible  it  should  be  about  3  degrees  on  a 
side,  or  0.05  inch  per  inch  on  a  side. 
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ARRANGEMENT    OF    THE    GATES,    RUNNERS,    RISERS,    AND    SUPPORTING 

CONNECTIONS 


61  If  any  portions  of  the  desired  casting  are  very  heavy,  in  com- 
parison with  the  remaining  portions,  the  gates  should  be  arranged 
to  feed  into  the  heavy  parts.     The  gates  should  usually  be  wide  and 


^//  /  /  ' 


/  /  /  /  / 


Y  /  /  /  /  / 
/  /  /  /  / 


,/JDRACr  V/ 


FIG.  24     "OPEN"  CARDED  PATTERN  WITH  ALL  CORNERS  ROUNDED 

thin  so  as  to  break  off  easily.  If  the  casting  is  very  light  it  may  be 
necessary  in  addition  to  nick  the  gate.  Care  should  be  taken  to 
leave  a  good  fillet  between  the  nick  and  the  casting  itself  as  shown 
in  Fig.  26  in  order  to  give  a  clean  break  at  the  nick. 


Correct  parting  Incorrect  parting 

FIG.  25    PATTERNS  LET  INTO  MOULD  BOARD 

62  To  secure  uniformity  among  the  castings  from  any  one  card, 
it  is  desirable  to  card  them  all  alike,  as  shown  in  the  upper  part  of 
Fig.  27,  and  not  half  right  and  half  left,  or  half  at  one  end  and  half 
at  the  other,  as  shown  in  the  lower  part  of  the  same  figure.     Shift- 
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GATE 
<- CAST/ A/ a 

FIG.  26     NICIvED  GATE 

CO/^HECr    CAnOJNQ 


Z-^*"^   ^vS    N  ^v*^   ^    ^     N   S   \   N 


f/\/CORRECT     CARDING^S 


^.'  » ^*  >  >    *  »  *  ^  r  A  w  >'<. H 

f    f  f  ^   r    r  r  ^  r    f    ^  '  ^   ^  ^ 


TVVr-T-r-T-^-rT- 


\  O  »^  ^   ^   ^  ^  ■«•  <>    \  <■    ^  *  V**  "  *^  ^ 


FIG.  27     EFFECT  OF  CARDING  ON  UNIFORMITY  OF  CASTINGS 
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ing  the  gate  or  turning  the  pattern  over  may  cause  variations  in 
the  casting,  due  to  the  different  feeding  and  cooHng  conditions.  It 
may  also  give  trouble  during  machining  as  the  irregularities  due  to 
gating  come  at  one  point  in  some  of  the  castings,  and  at  another 
point  in  others. 

63  To  avoid  "  washing"  it  is  usually  desirable  to  locate  the  gate 
in  such  a  way  that  it  will  not  be  in  the  direct  line  of  flow  through  the 
runner.  To  effect  this,  the  gates  may  either  branch  off  of  the  sides 
of  the  runner,  as  in  Fig.  27,  or  if  this  can  not  be  done,  an  offset  may 
be  provided  to  check  the  rush  of  the  metal  as  in  Fig.  28. 


FIG.  28     OFFSET  GATES 

64  Unless  the  pouring  conditions  are  such  as  to  require  feeding 
the  metal  up  into  the  mold  from  the  bottom,  the  runner  should  be 
kept  as  high  as  possible,  so  as  to  get  the  best  metal  into  the  casting 
proper.  This  will  usually  involve  putting  the  runner  into  the  cope. 
An  excellent  cross  section  for  the  runner  is  shown  in  Fig.  29. 

65  The  draft  on  the  sides  is  sufficient  to  give  an  easy  draw,  even 
though  it  is  in  the  cope,  and  the  section  is  heavy  enough  at  all  points 
to  prevent  danger  of  chiUing.  The  section,  flat  on  one  side  and 
curved  on  the  other,  which  is  sometimes  used  should  be  avoided  as 
it  is  too  thin  at  the  edges.  A  rather  neat  expedient  which  some- 
times proves  helpful  is  the  use  of  a  diamond  shaped  runner  as  shown 
in  Fig.  30.     If  the  usual  shape  of  runner  had  been  used,  as  shown 
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in  Fig.  31,  the  incline  at  A  would  have  been  entirely  too  steep,  and 
there  Avould  have  been  a  very  objectionable  hanging  pocket  of  sand 
at  B.     The  photograph,  Fig.  32,  shows  a  runner  in  which  the  draft 


■  COPE'/' 


FIG.  29     CROSS  SECTION  OF  RUNNER 


was  reversed  at  different  points,  the  mold  board  rising  above  the 
runner  in  some  places,  and  at  others  coming  only  to  the  bottom  of 
the  runner. 


FIG.  30 
Good  Parting  Obtained  by  Use  of  Diamond  Shaped  Runner 

66  Fig.  32  also  shows  an  enlargement  of  the  runner  at  the 
point  where  the  sprue  is  to  be  cut.  This  enlargement  should  be 
about  1  inch  in  diameter  on  the  cope  side.     It  should  be  kept  in  the 
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exact  center  of  the  flask  whenever  possible,  so  as  to  avoid  flask 
weights  with  pouring  holes  in  special  locations.  Even  if  the  central 
location  is  not  possible,  the  sprue  should  be  kept  away  from  the  edge 
of  the  flask  thus  avoiding  the  danger  of  the  breaking  out  of  the  mold. 

67  Risers  or  shrink  balls  are  required  only  in  special  cases  to 
avoid  piping  or  excessive  shrinkage  in  heavy  parts  of  the  casting. 
As  a  discussion  of  the  points  at  which  they  are  necessary  would 
lead  into  an  entirely  unrelated  subject,  they  are  merely  mentioned 
here  in  passing  as  details  which  must  be  provided  for  when  circum- 
stances require  them. 

68  If  the  pattern  is  mounted  in  a  vibrator  frame,  the  latter  should 
always  rest  on  top  of  the  mold  board  as  shown  in  Fig.  33,  and  never 
be  let  down  into  it.     As  the  surface  of  the  mold  board  corresponds 


FIG.  31     UNDESIRABLE  PARTING  DUE  TO  SHAPE  OF  RUNNER 

to  the  parting  surface,  the  opening  in  the  vibrator  frame  must  be 
given  draft  away  from  the  mold  board  as  shown  in  Fig.  33. 

69  The  connection  between  the  pattern  and  the  frame  should  in 
almost  every  case  He  on  top  of  the  mold  board,  and  should  be  con- 
nected to  the  frame  somewhat  as  shown  in  Fig.  34. 

70  In  snap  flask  work,  it  may  be  necessary  to  resort  to  a  band  in 
certain  cases.  This  has  been  treated  in  detail  elsewhere  in  this  article. 
If  a  band  is  placed  in  the  cope  it  will  clear  the  connection  shown  in 
Fig.  34,  but  if  a  band  is  needed  in  the  drag,  this  form  of  connection 
would  necessitate  a  notch  iff.  the  band  at  the  very  point  where  the 
plugging  of  the  hole  left  by  the  connection  leaves  the  mold  the  weak- 
est. To  avoid  this,  the  connection  may  be  set  into  the  mold  board. 
This  will  permit  the  band  to  come  down  to  the  mold  board,  that  is, 
extend  up  to  the  top  of  the  drag,  as  shown  in  Fig.  35. 
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THE   MATERIAL  OF  THE   PATTERN   AND   OF  THE  RUNNER,   PLATE, 
MOLD    BOARD,    ETC. 

71  For  patterns  which  are  used  sufficiently  to  prevent  them  from 
rusting,  cast  iron  is  by  far  the  best  material.  It  is  not  only  cheap, 
but  it  meets  the  requirements  of  durabiUty  and  lightness,  and  its 
surface,  when  free  from  rust  and  well  waxed,  gives  a  clean  draw  from 
the  sand.  If  an  iron  pattern  is  out  of  use  for  any  length  of  time,  it  is 
almost  impossible  to  prevent  rust  spots,  and  these  spoil  the  surface 
very  quickly.  Of  course,  the  length  of  time  in  which  an  iron  pattern 
may  remain  idle  without  rusting  depends  a  good  deal  on  the  condi- 
tions under  which  it  is  stored,  and  the  care  taken  in  cleaning  and 
waxing  the  pattern  before  it  is  put  away.  . 


FIG.  32 
Use  of  Diamond  Shaped  Rdnner  with  Draft  Reversed  at  Different  Points 


72  If  a  mold  board  is  used,  it  is  usually  desirable  to  keep  the  pat- 
tern and  mold  board  together.  When  a  wooden  mold  board  is  used,  a 
very  dry  atmosphere  shrinks  and  cracks,  while  even  a  moderate  amount 
of  humidity  increases  the  Uabihty  of  the  pattern  to  rust.  To  avoid 
changes  in  the  mold  board  the  atmospheric  conditions  in  the  pattern 
storage  must  be  made  to  correspond,  as  closely  as  possible,  to  those 
in  the  foundry.  This  may  compel  us,  in  the  case  of  patterns  used 
only  at  infrequent  intervals,  to  resort  to  orass,  bronze  or  other  alloys, 
but  all  of  these  are  heavier  than  cast  iron  and  the  sand  has  a  greater 
tendency  to  stick  to  them.  In  the  case  of  large  patterns  they  may 
also  be  more  costly,  but  in  small  patterns  the  possibility  of  using 
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commercial  shapes,  which  require  httle  or  no  machining,  may  permit 
of  savings  which  will  more  than  offset  the  extra  cost  of  the  material. 

73  Owing  to  the  ease  with  which  they  can  be  soldered  or  brazed, 
the  above  mentioned  alloys  may  sometimes  be  desirable  for  a  costly 
pattern  in  which  extensive  changes  are  hkely  to  be  made. 


FIG.  33     DIRECTION  OF  DRAFT  IN  VIBRATOR  FRAME 

74  Steel  is  no  better  than  cast  iron  in  the  matter  of  rusting,  and 
possesses  little  advantage  over  brass  in  weight  or  cheapness.  It  is 
not  much  used  for  patterns. 

75  Aluminum  is  not  very  well  suited  for  the  pattern  itself,  as  it 
is  hardly  durable  enough,  and  sand  has  a  tendency  to  stick  to  it.  It 
is,  however,  the  best  material  for  plates,  and  for  vibrator  frames.  If 
made  from  any  other  material  their  weight  would  be  almost  prohibi- 
tive. 

76  Wooden  patterns  are  entirely  unsuited  for  any  but  the  roughest 
kind  of  repetition  work.     Even  if  the  accuracy  required  is  not  very 

\/IBRATOR     FRAME 

COA^A^£  C  7-/A/G-      BL  O  CM 


FIG.  34     SUPPORTING  CONNECTION  FROM  PATTERN  TO  VIBRATOR  FRAME 

great,  it  will  usually  pay  better  to  make  metal  patterns  if  a  great 
number  of  castings  is  required. 

77  For  waxing  metal  patterns  a  liquid  composed  of  bayberry  wax 
cut  with  benzine  until  it  is  thin  enough  to  apply  with  a  brush,  will  be 
found  very  satisfactory.  By  painting  with  this  liquid,  a  pattern 
can  be  waxed  more  quickly  and  evenly  than  by  the  usual  process  of 
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heating  and  rubbing  with  beeswax.  The  bayberry  wax  also  gives  a 
superior  surface  as  it  dries  on  in  a  thin  hard  coat,  free  from  the  sticki- 
ness which  frequently  gives  trouble  if  ordinary  beeswax  is  used. 
Bayberry  wax  is  used  to  some  extent  in  pharmacy,  and  can  be  obtained 
from  any  drug  store. 


£AN£> 


Band  testing  on  mold  board  Band  in  position  in  the  completed  mold 

FIG.  35     METHOD  OF  PROVIDING  FOR  A  BAND  IN  THE  DRAG 


THE  POINTS  ON  THE  PATTERN  AT  WHICH  SPECIAL  ACCURACY  IS 

REQUIRED 

78  The  importance  of  accuracy  at  different  points  on  the  pattern 
is  indicated  by  the  order  followed  in  the  Ust  below: 

A  Close  clearance  points  at  unmachined  portions  of  the  cast- 
ing. 

B  Locating  points  for  the  various  machining  operations. 

C  Unmachined  surfaces  which  should  bear  a  fixed  relation 
to  each  other  or  to  machined  portions  of  the  casting. 

D  All  remaining  unmachined  portions  of  the  casting. 

E  Machined  portions  of  the  casting. 

79  The  machined  portions  are  placed  last  in  the  hst  because  a 
slight  variation  in  the  amount  of  finish  can  be  tolerated.  The  accu- 
racy of  the  pattern  at  the  points  where  no  finish  is  allowed  is  far  more 
important,  because  the  final  dimensions  of  the  casting  depend  entirely 
on  the  pattern.  The  locating  points  are  also  important,  for  if  the 
castings  from  different  patterns  do  not  correspond  at  these  points, 
variable  results  will  be  obtained  from  the  machining  operations. 
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80  Surfaces  which  are  not  machined,  or  which  are  used  as  locating 
points,  should  always  be  placed  with  reference  to  each  other  in  such 
a  way  as  to  minimize  the  danger  of  incorrect  spacing  due  to  the  pos- 
sible cumulation  of  errors  in  measuring  back  and  forth  on  the  pattern. 

81  Take  for  example  a  piece  of  the  shape  shown  in  Fig.  36.  The 
surfaces  marked  /  are  to  be  machined,  and  the  legs  are  to  have  a 
width  C  after  machining.  No  special  accuracy  is  needed  for  the  dis- 
tances E  and  F,  as  any  sHght  variation  will  be  corrected  by  the  machin- 
ing. On  the  other  hand,  if  there  are  slight  variations  in  G  and  H  the 
errors  might  add  up,  and  they  might  possibly  be  still  further  increased 
by  slight  errors  in  J,  until  the  final  width  between  the  unfinished  sur- 


Correct  method  of  dimensioning 
pattern 


Incorrect  method  of  dimensioning 
pattern 


FIG.  36     ARRANGEMENT  OF  PATTERN  DIMENSIONS 

faces  might  become  greater  or  less  than  the  desired  value  D.  But  as 
the  outside  surfaces  are  machined  to  the  fixed  distance  A  +  2B,  the 
thickness  C  caa-iiot  possibly  come  right  unless  D  is  right,  and  a  small 
percentage  of  error  in  D  would  cause  a  considerable  error  in  the 
width  C.  Many  a  case  in  which  the  wall  of  metal  left  after  machin- 
ing is  entirely  too  weak,  or  in  which  the  cutters  fail  to  clean  up  a 
boss,  or  in  which  they  dig  in  after  milling  the  boss  away  entirely  is 
due  to  disregard  of  these  facts. 

82  In  entering  each  dimension  care  should  be  taken  to  make  the 
number  of  decimal  places  correspond  to  the  degree  of  accuracy  re- 
quired, in  accordance  with  the  method  described  in  the  first  part  of 
this  paper. 
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THE    AMOUNT   OF   WORK   TO    BE    EXPENDED    ON   THE    PATTERN 

83  The  first  item  to  be  considered  is  the  outlay  on  drawings,  and 
there  are  really  only  two  courses  open  to  us.  We  can  choose  between 
making  the  drawings  and  not  making  them.  We  can  avoid  all  unneces- 
sary "frills"  on  them,  but  if  they  are  made  at  all,  they  should  be  com- 
plete and  reliable.  They  should  be  omitted  only  in  very  unimpor- 
tant patterns,  or  in  the  case  of  patterns  which  fall  into  the  very  lowest 
grades  of  the  repetition  class. 

84  In  the  actual  construction  of  the  patterns  there  is  more  oppor- 
tunity for  grading  the  work  to  suit  the  requirements,  and  for  devising 
means  of  producing  the  pattern  quickly  and  cheaply.  In  planning 
the  method  of  executing  the  work,  we  should  consider,  first  the  degree 
of  accuracy  required,  and  second  the  expenditure  which  will  give  the 
most  economical  relation  between  investment  and  earning  capacity. 
Careful  attention  to  the  varying  degrees  of  accuracy,  indicated  on  the 
drawings  in  the  manner  already  referred  to,  will  enable  all  unneces- 
sary refinements  to  be  avoided,  and  with  a  little  ingenuity,  labor 
saving  short  cuts  can  almost  always  be  devised. 

85  The  form  of  the  pattern  should  be  studied  to  determine 
whether  to  build  it  up,  cut  it  out  of  the  solid,  make  it  from  a  casting 
which  is  machined  all  over  or  from  a  casting  machined  only  at 
certain  points. 

86  In  the  case  of  built  up  patterns  it  is  often  possible  to  use  com- 
mercial brass  rods  which  require  no  finish,  or  to  use  bars  of  any 
desired  cross  section  which  can  be  milled  to  shape  accurately  and 
cheaply  by  means  of  fly  cutters,  and  then  cut  up  as  needed. 

87  Many  small  patterns  can  be  made  from  a  solid  bar  of  brass  or 
cast  iron  more  cheaply  than  from  individual  castings.  If  a  pattern 
is  of  such  a  shape  that  it  can  best  be  produced  from  a  casting,  it  may 
pay  to  make  an  accurately  finished  metal  master  pattern,  castings  from 
which  can  be  finished  up  with  the  minimum  amount  of  machining. 
Frequently  the  machining  can  be  omitted  altogether,  the  only  finish 
required  being  a  smoothing  up  with  files  and  emery  cloth.  Or  cer- 
tain spots  may  be  machined  and  the  balance  smoothed  up.  Of 
course,  in  making  castings  for  this  purpose  care  must  be  taken  to 
avoid  excessive  rapping  and  to  use  a  fine  sand  which  will  give  the 
smoothest  possible  surface.  To  avoid  errors  due  to  hand  molding 
it  may  also  pay  to  mount  the  metal  master  pattern  for  temporary 
use  on  a  molding  machine. 

88  The  relation  between  working  patterns,  master  patterns  and 
grand  master  patterns  can  perhaps  be  brought  out  most  clearly  by 
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quoting  the  following  rules  which  the  author  drew  up  some  years 
ago,  and  which  have  been  followed  since  that  time  with  good  results: 

Rules 

89  All  patterns  will  be  classed  under  one  of  the  three  following  heads: 
a  Working  patterns,     b  Master  patterns,     c  Grand  master  patterns. 

Working  patterns  used  for  Repetition  work  shall  be  of  raetal,  and  in  most  cases 
mounted  for  use  on  the  molding  machines. 

Working  patterns  used  for  experimental  work, or  for  jobbing  work  shall  be, in  most 
cases,  of  wood.  When  practicable,  they  shall  be  arranged  for  temporary  mount- 
ing for  use  on  the  molding  machines. 

Master  patterns  may  be  of  wood  or  metal,  according  to  circumstances.  When 
the  piece  to  be  produced  permits,  the  working  patterns  shall  be  made  by  smooth- 
ing up  castings  taken  from  a  metal  master  pattern.  In  cases  in  which  it  is  pref- 
erable to  machine  the  working  patterns,  the  master  pattern  usually  shall  be  of 
wood. 

Grand  master  patterns  shall  be  of  wood,  or  if  made  of  metal  shall  be  built  up  out 
of  stock  material.  They  shall  be  used  in  cases  where  it  is  necessary  to  obtain  a 
casting  out  of  which  to  make  a  metal  master  pattern. 

Excepting  in  special  cases,  for  which  special  provisions  are  made,  the  follow- 
ing general  instructions  shall  be  observed  in  making  patterns  and  in  making  draw- 
ings for  them. 

METAL   WORKING    PATTERNS 

Metal  working  patterns  are  the  standard  patterns  for  repetition  work. 

They  are  made  from  drawings  showing  the  finished  dimensions  of  the  pattern 
itself.  These  drawings  will  be  dimensioned  to  cover  all  necessary  allowances  for 
finish,  shrinkage,  and  draft,  and  there  will  be  no  further  allowance  in  making  the 
pattern. 

They  are  made  by  smoothing  up  castings  obtained  from  the  metal  master  pat- 
tern, or  by  machining  castings  obtained  from  the  wooden  master  pattern,  or  by 
building  up  out  of  stock  material. 

They  are  mounted  for  use  on  the  molding  machines  in  accordance  with  the  card- 
ing drawing. 

They  are  stamped  on  the  runner  with  the  part  number  of  the  first  piece  pro- 
duced from  this  casting.  If  one  casting  is  machined  to  make  several  different 
pieces,  the  pattern  will  still  have  only  one  pattern  number,  which  will  be  identical 
with  the  part  number  of  the  first  piece  produced.  Each  card  will  have  a  dis- 
tinguishing mark,  usually  one  dot  on  the  first  card,  two  on  the  second,  etc.,  which 
will  be  placed  so  as  to  be  visible  in  the  casting  even  after  it  is  machined.  This 
mark  will  be  in  each  pattern  of  the  card,  and  alike  in  all  patterns  of  any  one  card. 
Even  if  there  is  only  one  card,  the  distinguishing  mark  is  to  be  put  on  it,  as  another 
card  might  be  made  later. 

WOODEN   WORKING   PATTERNS 

Wooden  working  patterns  are  the  standard  patterns  for  experimental  or  jobbing 
work. 

They  are  made  from  drawings  showing  the  finished  dimensions  of  the  piece, 
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The  pattern  must,  therefore,  be  made  with  allowance  for  single  shrinkage,  draft 
and  finish,  as  noted  on  the  drawing. 

They  are  mounted  for  use  on  the  molding  machines  whenever  practicable. 

They  are  stamped  with  the  pattern  number,  which  corresponds  to  the  number 
of  the  finished  piece.  If  one  casting  is  machined  to  make  several  different  pieces, 
the  pattern  will  still  have  only  one  pattern  number  corresponding  to  the  number 
of  the  first  piece  produced  from  it. 

Particular  attention  is  directed  to  the  fact  that  patterns  for  runners  fall  under 
this  heading  and  must  comply  with  these  requirements. 

METAL   MASTER    PATTERNS 

Metal  master  patterns  are  used  to  obtain  castings  suitable  foi  use  as  working 
patterns  after  they  have  been  smoothed  up,  or  used  in  cases  in  which  a  wooden 
master  pattern  would  not  be  durable  enough. 

They  are  made  from  drawings  showing  the  finished  dimensions  of  the  metal 
master  pattern  itself.  These  drawings  will  be  dimensioned  to  cover  all  necessary 
allowances  for  finish,  shrinkage  and  draft,  and  there  is  to  be  no  further  allowances 
made  when  making  the  pattern. 

They  are  made  of  castings  obtained  from  the  grand  master  pattern,  or  by  build- 
ing up  out  of  stock  material. 

They  are  mounted  temporarily  for  use  on  the  molding  machines  to  facilitate 
the  obtaining  of  good  castings. 

They  are  stamped  with  the  pattern  number. 

WOODEN    MASTER   PATTERNS 

Wooden  master  patterns  are  used  in  cases  in  which  the  metal  working  pattern 
has  to  be  machined. 

They  are  made  from  drawings  showing  the  finished  dimensions  of  the  metal 
working  pattern.  Allowance  for  single  shrinkage,  and  an  additional  allowance  for 
finish  all  over  must  be  provided  when  making  the  pattern. 

They  are  mounted  temporarily  for  use  on  the  molding  machines  when  prac- 
ticable. 

They  are  stamped  with  the  pattern  number. 

GRAND    MASTER    PATTERNS 

Grand  master  patterns  are  needed  only  in  cases  in  which  a  metal  master  pat- 
tern has  to  be  made  out  of  a  casting. 

They  are  made  from  drawings  showing  the  finished  dimensions  of  the  metal 
master  pattern.  Allowance  for  single  shrinkage  and  an  additional  allowance  for 
finish,  as  marked  on  the  drawing,  must  be  provided  when  making  the  pattern. 

They  are  mounted  temporarily  for  use  on  the  molding  machines  when  practic- 
able. 

They  are  stamped  with  the  pattern  number. 

90  The  distinguishing  mark  on  each  pattern  which  is  referred 
to  in  the  rules  above  quoted  is  provided  for  the  purpose  of  identifying 
the  card  from  which  a  given  casting  was  produced.  This  is  a  neces- 
sary feature  if  dupHcate  sets  of  patterns  are  run. 
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91  In  discussing  the  flask  sizes,  reference  has  already  been  made 
to  the  use  of  a  few  patterns  in  a  small  flask  for  such  patterns  as  would 
not  warrant  a  larger  pattern  equipment.  And  even  if  a  smaller  flask 
is  not  practicable  or  desirable,  it  may.  often  pay  to  make  and  card 
only  a  few  patterns,  leaving  the  balance  of  the  mold  unused,  in  prefer- 
ence to  spending  money  in  the  tool  room  which  the  saving  in  the 
foundry  might  not  offset  in  years. 

92  When  undertaking  new  work  it  is  always  a  wise  precaution  to 
make  and  card  only  a  part  of  the  patterns,  leaving  the  balance  to  be 
added  later  so  as  to  faciUtate  the  making  of  any  changes  or  improve- 
ments which  may  suggest  themselves  in  turning  out  the  first  few 
lots. 

93  In  the  same  way,  if  it  is  desirable  to  put  through  a  limited 
number  of  castings  from  a  new  pattern  to  test  out  the  tool  equipment, 
much  valuable  time  can  often  be  saved  by  getting  the  castings  as 
soon  as  a  single  pattern  can  be  made  and  carded.  The  remaining 
patterns  of  the  card  can  be  added  later. 

94  If  a  portion  of  the  mold  is  unused,  do  not  spread  out  the  pat- 
terns. Card  the  ones  which  are  nearest  to  the  sprue,  and  keep  them 
close  together  to  avoid  waste  of  metal  in  the  runner. 

95  It  is  usually  false  economy  to  mount  two  or  more  different 
patterns  on  one  card.  Even  if  it  seems  that  the  proportion  in  which 
they  will  be  used  can  be  definitely  fixed,  for  instance  in  the  case  of 
rights  and  lefts,  unforeseen  circumstances  may  arise  at  any  time  to 
upset  the  calculation.  Repair  orders  may  be  heavier  for  one  casting 
than  for  the  other,  or  a  batch  of  work  from  one  casting  may  be  spoiled 
and  have  to  be  scrapped,  or  the  loss  in  the  foundry  or  in  the  factory 
may  be  heavier  for  one  than  for  the  other.  These  and  similar  con- 
ditions may  make  it  necessary  to  increase  the  output  on  one  of  the 
castings,  and  this  is  always  troublesome  and  wasteful  if  different 
patterns  are  mounted  on  a  single  card. 

96  One  detail  which  it  is  necessary  to  watch  is  the  tendency  to 
"save  time"  by  being  careless  in  regard  to  the  radii  of  fillets  and 
rounds.  A  fillet  is  often  difficult  to  produce,  but  that  is  no  reason 
for  shirking  the  work  on  it.  Pattern  makers  should  be  provided 
with  radius  and  fillet  gages,  and  should  be  made  to  work  to  them. 

97  The  guide  pins  on  each  "plate,"  frame,  etc.,  should  be  care- 
fully fitted  to  a  gage  so  as  to  ensure  squareness  and  accurate  spacing. 
A  single  adjustable  gage  with  a  series  of  doweled  settings  may  be 
used  to  cover  the  entire  range  of  flask  sizes. 

98  If  careless  work  is  permitted  in  the  fitting  of  these  pins,  the 
foundry  is  driven  to  a  more  or  less  ineffectual  tinkering  of  the  flask 
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pins  every  time  a  pattern  is  changed.  If  proper  precautions  are 
taken  to  maintain  the  standard,  all  patterns  and  flasks  of  the  same 
size  will  be  perfectly  interchangeable.  A  little  graphite  (not  oil) 
should  be  used  to  lubricate  the  pins,  and  the  fit  should  be  as  tight 
as  is  consistent  with  a  smooth  lift. 

DISCUSSION 

Mr.  Robert  Shirley  I  am  surprised  at  the  very  small  variation 
in  pattern  dimensions  allowed  by  Mr.  Berry,  in  some  cases  only 
0.001  of  an  inch.  It  has  been  my  experience  that  an  operator  on  a 
machine,  where  the  molds  had  to  be  rammed  by  hand,  could  make 
a  very  perceptible  difference  in  the  size  of  the  finished  castings  by 
ramming  the  molds  soft.  The  resulting  casting,  instead  of  shrink- 
ing, being  considerably  larger  than  the  pattern. 

2  A  remiss  engineer  has  caused  us  considerable  trouble  in  this 
connection  by  dropping  his  air  pressure,  so  that  a  power  ramming 
machine  intended  to  work  under  80  pounds  of  air  was  actually  work- 
ing under  40,  the  results  being  soft  molds,  and  castings  considerably 
larger  than  the  pattern.  These  are  chscrepancies  which  cannot  be 
taken  care  of  in  either  the  drafting  room  or  pattern  shop. 

Mr.  E.  H.  Mumford  Mr.  Berry,  owing  probably  to  exceptional 
care  and  skill,  as  evidenced  in  this  paper,  took  a  set  of  very  difficult 
patterns  and  absolutely  new  molding  machines  and  installed  them 
in  a  foundry  where  the  labor  conditions  were  especially  adverse,  and 
made  a  complete  success  of  the  installation. 

2  Those  of  us  who  know  how  difficult  a  thing  that  is  to  do,  and 
how  many  times  the  attempt  meets  with  failure  will  appreciate  v.hat 
this  paper  of  Mr.  Berry's  stands  for. 

3  The  author  speaks  of  the  advantage  of  a  small  size  of  flask. 
The  particular  advantage  of  this  outside  of  convenience  in  handUng, 
is  the  elimination  of  the  risk  of  sag.  If  the  cope  surface  sags  so  that 
the  two  surfaces  of  the  mold  meet  at  or  near  the  center  they  will 
surely  creep  out  of  match  and  cause  all  kind  of  queer  distortions  gen- 
erally toward  the  outside  edges  of  the  mold  joint. 

4  It  is  stated  that  the  fiask  must  be  deeper  than  the  desired  depth 
of  the  mold.  •  That  is  true  in  ramming  a  bottom-board  into  the  mold 
itself.  It  is  not  necessary,  where  a  sand  frame  holding  the  excess  of 
unrammed  sand  is  placed  over  the  flask.  Mr.  Berry  illustrates  what 
is  to  me  a  very  interesting  fact.  I  have  found  but  one  man  in  this 
country  who  has  made  the  departure  of  putting  a  pattern  in  the  cope, 
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and  a  pattern  in  the  drag  and  bringing  their  corners  together.  The 
Frencli  practice,  I  understand  has  been  for  )'ears  to  bring  castings 
placed  as  these  are  in  the  mold  into  actual  contact,  so  that  the  cor- 
ners actually  touch.  It  may  seem  paradoxical  to  some;  and  you 
will  notice  in  the  figure  that  Mr.  Berry  has  carefully  kept  his  casting 
about  one-sixth  of  the  spacing  apart.  If  you  could  save  this  16  per 
cent  you  would  gain  so  much  more  room  in  your  flask. 

5  At  the  last  foundry  exhibition  in  Philadelphia,  in  May,  a  large 
number  of  castings  was  exhibited,  made  on  the  French  molding 
machine  in  which  the  contact  was  absolute,  and  the  castings  after 
being  poured  and  cooled  adhered  to  one  another  until  they  were 
broken  apart  in  the  mill.  The  commercial  advantage  of  putting 
castings  edge  to  edge  in  a  mold  is  very  material. 

6  In  this  paper  there  is  no  mention  made  of  a  solid  cast  match 
plate,  and  it  is  surprising  to  discover  that  there  are  foundrymen  who 
have  never  seen  a  solid  cast  match  plate  made  in  its  simplest  form. 
It  is  not  correct  to  say  that  you  must  have  a  joint  surface  in  your  plate 
that  is  susceptible  of  being  machined  or  you  must  use  "open  card- 
ing." It  is  possible  and  it  is  current  practice,  to  take  the  ordinary 
run  of  patterns  and  make  a  mold  in  the  usual  way,  and  then  raise  the 
cope  the  thickness  of  the  plate  you  wish  to  make,  closing  the  cope 
on  a  check  against  which  the  edges  of  the  match  plate  will  be  run 
of  desired  shape  and  dimensions,  forming  what  is  virtually  a  fin  in 
the  casting  the  thickness  of  the  match-plate  desired.  The  only  objec- 
tion to  the  method  is  that,  if  the  plate  is  heavy  relative  to  the  casting, 
the  additional  volume  of  the  metal  tends  to  produce  a  shghtly  rougher 
surface.  There  is  a  slight  burring  of  the  corners  especially  on  the 
cope  side  of  the  plate,  and,  in  match-plates,  particularly  those  made 
of  white  metal  or  aluminum,  or  bronze,  this  may  be  eliminated  by 
running  a  tool  around  the  corners.  There  is  an  advantage  in  being 
able  to  do  this  tooling;  by  it  you  can  make  the  mold  joint  firmer  by 
taking  metal  out  or  burring  down  the  surface  at  the  corner. 

7  This  matter  of  the  springing  of  the  match  board,  or  the  bottom 
board,  is  one  of  great  importance;  but  there  are  many  other  condi- 
tions beside  the  mere  distribution  of  the  pressure  of  the  sand  which 
tend  to  complicate  the  problem. 

8  One  of  the  cuts  shows  a  gate  in  both  parts  of  the  mold.  In  our 
experience  it  is  not  good  practice  to  put  such  a  gate  in,  unless  great 
care  is  taken  to  match  it.  As  a  rule,  such  care  is  not  given  and  a 
slight  mis-matching  leads  to  an  unsupported  corner  of  sand,  which  is 
almost  sure  to  wash  and  give  trouble  by  carrying  dirt  into  the  molding. 

9  In  Par.  85,  there  is  a  subtle  allusion  to  a  very  valuable  fact; 
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namely,  that  it  is  not  always  machined  or  finely  finished  patterns  which 
are  the  most  perfect.  There  is  no  better  surface  for  duplicating  a 
casting  than  one  which  approximates  that  of  the  casting  which  you 
wish  to  produce,  and  excessive  or  over  zealous  finishing  often  loses 
a  needed  shape  or  thickness. 

10  Not  long  ago  I  was  in  a  foundry  where  the  stripping  plates  were 
of  solid  iron  (no  babbitted  edges),  and  the  patterns  in  them  were 
finished  hke  parts  of  a  gun  lock.  The  manager  remarked  with  pride, 
that  there  was  nothing  so  cheap  as  money.  Yet,  in  patterns  which 
have  cost  so  much,  there  is  a  strong  temptation  to  save  the  pattern 
even  after  a  careless  finisher  has  cut  too  deep  somewhere  or  rounded 
a  corner  which  had  better  been  left  square. 

Mr.  H.  M.  Lane  The  Becker-Brainerd  Company,  of  Hyde  Park, 
Massachusetts,  a  couple  of  j-ears  ago,  placed  the  entire  planning  of  the 
work  of  foundry  equipment  in  the  hands  of  the  engineering  force. 
The  time  has  come  when  engineers  must  appear  in  the  foundry  in 
very  large  numbers,  because  wherever  a  sufficient  number  of  duplicate 
castings,  requiring  not  only  drawings  but  finished  parts,  are  to  be 
made,  results  cannot  be  predicted  if  any  latitude  be  given  the  pattern 
maker. 

2  This  brings  up  an  interesting  point  observed  in  the  works  at 
IHou,  which  was  the  installation  of  a  safety  valve  to  Umit  the  pressure 
in  the  holding  mechanism  of  the  machine. 

3  It  was  further  noticed  that  these  people  hold  very  closely  to 
their  gages.  The  men  are  held  responsible  for  turning  out  castings 
to  prescribed  limits,  and  are  not  paid  for  them  unless  the  castings 
correspond  to  these  Hmits.  The  result  is,  that  the  men  are  careful 
because  it  is  a  matter  of  dollars  and  cents  to  them.  Both  of  these 
factors  are  tending  to  produce  very  accurate  work. 

4  Another  interesting  observation  was  that  when  patterns  intended 
for  hand  work  are  placed  in  the  molding  machine,  the  castings  some- 
times turn  out  too  Ught  and  it  is  necessary  to  place  bands  on  the  out- 
side. 

The  Author  One  of  the  contributors  to  the  discussion  questions 
the  necessity  for  accurate  pattern  work  in  view  of  the  accidental  varia- 
tions in  the  castings.  He  falls  into  the  common  error  of  failing  to 
distinguish  between  avoidable  and  unavoidable  variations.  It  is  not 
true  that  all  foundry  work  is  necessarily  inaccurate,  but  it  is  true 
that  a  uniform  degree  of  accuracy  is  neither  desirable  nor  possible. 
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2  Generally  speaking  machine  molding  gives  more  uniform  results 
than  hand  molding,  but  in  either  case  the  practicable  limits  of  accuracy 
depend  on  the  size  and  shape  of  the  casting,  and  may  even  vary  con- 
siderably in  different  parts  of  the  same  casting. 

3  For  example  a  casting  of  the  shape  shown  in  Fig.  1  might  warp 
as  indicated  in  dotted  lines,  causing  a  considerable  variation  in  the 
dimension  A  but  only  a  slight  variation  in  the  dimension  B. 

4  Again  in  the  case  of  a  small  casting  which  is  to  be  held  by  the 
end  C  in  a  split  chuck  on  a  screw  machine,  it  would  be  desirable  and 
perfectly  practicable  to  keep  the  dimension  C  within  very  close 
limits.  If  the  card  for  this  piece  contained  patterns  varying  among 
themselves  by  five  or  ten  thousandths  at  this  point,  considerable 
trouble  in  chucking  might  result. 

5  The  up  to  date  foundryman  must  train  himself  to  recognize  such 
differences  in  the  conditions,  and  must  always  bear  in  mind  that  he 
must  keep  within  close  limits  at  some  places,  but  that  an  equal  degree 
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Illustrations  op  Variations  in  Castings 

of  refinement  applied  indiscriminately  over  the  whole  pattern  would  be 
entirely  unjustifiable. 

6  Variations  due  to  carelessness  in  maintaining  a  suitable  air 
pressure  can  surely  not  be  classed  as  unavoidable.  If  an  engineer 
were  permitted  to  let  his  boiler  pressure  vary  50  per  cent,  no  one 
would  expect  to  get  satisfactory  results  from  the  engine.  Why  then 
should  we  look  for  miracles  in  the  foundry,  and  expect  uniformity  in 
the  product  with  a  variable  air  pressure?  It  is  perfectly  feasible  to 
hold  the  pressure  close  enough  for  all  ordinary  molding,  but  in  a  few 
cases  in  which  specially  close  work  was  called  for,  the  writer  adopted 
the  expedient  of  connecting  a  relief  valve  to  the  cylinder  of  the 
molding  machine.  By  using  a  valve  large  enough  to  relieve  any 
excess  pressure  quickly,  and  by  setting  it  for  a  pressure  considerably 
lower  than  the  normal,  very  uniform  results  were  obtained. 

7  One  of  the  members  suggests  the  use  of  a  plate  pattern  in 
which  the  plate  and  patterns  are  cast  in  one  jiiece.  Such  a  pattern 
might  be  good  enough  for  some  classes  of  work.  But  shrinkage, 
to  say  nothing  of  a  possible  further  reduction  in  size  due  to  smoothing 
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up  the  surface,  would  prevent  the  pattern  from  being  a  close  repro- 
duction of  the  original.  Heavy  rapping  may  be  used  to  correct  the 
over-all  dimensions,  but  unless  the  casting  is  very  simple,  the  rapping 
will  add  extra  metal  where  it  is  not  needed.  For  really  good  work  a 
machined  pattern  is  an  absolute  necessity,  and  it  is  surprising  how 
often  casting  inaccuracies,  which  are  charged  against  the  foundry, 
are  really  due  to  incorrect  patterns. 


No.  1177 

SOME   LIMITATIONS  OF    THE  MOLDING 
MACHINE 

By  E.  H.  MUMFORD,  PHILADELPHIA,  PA. 
Member  of  the  Society 

The  recorded  art  of  molding  by  machinery  is  far  older  than  that 
of  the  steam  engine,  and  there  lacked  only  to-day's  demand  for  multi- 
ple parts  and  the  facilities  for  developing  the  art  to  have  put  it  where 
it  is  now  a  hundred  years  ago.  Thus,  just  as  soon  as  a  stripping  plate 
was  needed,  it  was  "invented" — 7nore  than  a  hundred  years  ago 
and  as  soon  as  a  foundryman  felt  the  vibration  of  a  pneumatic 
hammer,  he  used  what  we  now  call  a  "vibrator"  to  help  draw  a 
guided  pattern. 

2  About  twenty  years  ago  S.  Jarvis  Adams  in  Pittsburg  jolt- 
rammed  molds  for  pipe  balls  and  wagon  axle  boxes;  yet  even  today 
the  modern  jolt  ramming  machine  at  an  exhibition  attracts  a  crowd  of 
foundrymen  amazed  at  its  novelty. 

3  It  was  their  long  years  of  experience  with  the  subtle  and  elusive 
behavior  of  green  sand  in  the  presence  of  melted  metal  in  the  secret 
intimacies  of  the  closed  mold  that  led  Union  molders  some  sad  years 
since  to  scoff  at  mokhng  machines  and  to  foretell  their  doom  unaided 
by  the  molder's  skill.  And  molding  machines  have  failed — machines 
of  much  ingenuity — heralded  as  labor  savers  because  they  did  so 
many  things  done  before  by  hand.  These  machines  have  failed 
because  of  too  many  opportunities  for  failure  in  a  single  enchained 
mechanism.  Kipling's  "Interdependence  absolute"  of  McAndrew's 
idol  engine  is  not  for  foundry  use.  Before  the  heartless  biting  cyni- 
cism of  foundry  ethics  many  a  clever  engineer  has  come  to  grief. 
Where  melted  iron  rules  and  sand  intrudes  with  every  lubricant, 
refinements  of  machine  design  may  not  be  much  elaborated. 

4  And  so,  though  the  Patent  Office  is  filled  with  ingenious  mold- 
ing machines,  most  of  them  have  failed,  as  the  molder  prophesied, 
while  the  art  of  machine  molding  has  steachly  progressed.     It  is  still 
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eliminating  the  machines  which  bring  the  sand  in  from  the  yard, 
temper  it,  riddle  it  and  ram  it,  pass  themselves  their  flasks,  sand 
frames,  sprue  cutters  and  other  accessories,  draw  their  patterns, 
deliver  the  finished  molds  and  have  only  to  be  restrained  from  setting 
the  cores. 

5  It  is  assimilating  good  simple  efiicient  machines  content  to 
do  a  few  tilings  well. 

6  It  is  not  speed  of  production  of  blocks  of  sand  which  look  Uke 
molds  and  which  in  the  halcyon  days  of  "demonstrated"  machines 
often  passed  as  such  and  sold  the  machine  even  while  the  "demon- 
strator" walked  around  upon  them,  which  in  1907  proves  the  machine. 
The  present  day  molding  machine  must  take  w^hat  the  foundry  gives 
it  and  turn  back  what  the  foundry  wants, — molds  in  quantity  and  of 
quality  excelHng  in  economy  of  production  the  product  of  hand  labor 
in  castings  or  it  gets  no  welcome  there. 

7  But  there  is  another"reason  for  the  markedly  gradual  and  cau- 
tious development  of  the  molding  machine.  It  is  the  infinity  of  shapes 
and  kinds  of  patterns  around  which  green  sand  must  be  rammed  with 
uniformity  of  mold  surface,  and  the  necessity  of  arranging  some  more 
or  less  universal  method  of  withdrawing  these  patterns  from  the 
rammed  sand  without  in  the  least  degree  displacing  it. 

8  In  other  fields  it  has  paid  the  most  brilliant  mechanicians  of 
the  age  to  develop  elaborate  and  expensive  machines  for  doing  one 
kind  of  work  always.  Our  machines  for  making  cigarrettes,  envelopes 
and  paper  bags  are  fair  examples.  For  molding  machines  there  is  no 
one  casting  of  a  certain  size  and  shape  in  required  quantity  compar- 
able with  cigarettes,  etc.  At  the  speed  of  the  envelope  machine,  a  few 
molding  machines  would  supply  the  demand  of  the  entire  country  and 
in  any  one  shop  a  single  machine  would  run  far  ahead  of  its  market 
in  a  day  or  a  week  or  a  month,  and  then  waste  its  shop  room. 

9  Another  limitation  to  the  exploitation  of  molding  machines  to 
make  molds  as  bricks  are  made  lies  in  the  fact  that  these  machines, 
unUke  those  for  making  bricks,  do  not  finish  their  work.  Sand  and 
flasks  must  be  suppHed  to  the  machine  and  castings  must  be  poured 
and  cooled  and  shaken  out.  It  would  not  be  difficult  to  design  a 
machine  which  would  mold  for  example,  200  shoes  per  hour,  and  such 
machines  have,  in  fact,  been  built.  Each  machine,  however,  would 
call  for  5000  pounds  of  sand  and  as  many  pounds  of  flasks  to  be  deliv- 
ered to  it  and  carried  away  from  it  again  every  hour.  Even  then  the 
molds  are  in  halves  and  without  cores  set;  200  cores  must  be  set 
and  100  copes  closed  on  every  hour.  To  keep  the  "floor"  from  gain- 
ing on  the  foundry,  5000  pounds  of  hot  metal  must  be  poured  from 
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double  hand  ladles  every  hour  which  work  would  keep  from  four  to 
six  men  busy  pouring  and  shifting  weights.  As  many  more  men 
would  be  required  to  shake  out  and  remove  hot  castings,  and  at  least 
two  more  to  get  the  flasks  off  of  the  floor  again.  Only  a  little  foundry 
experience  will  prove  that  this  situation  is  impossible.  The  elaborate 
foundry  structures  for  dropping  both  sand  and  castings  through  the 
floor  still  leave  the  labor  of  setting  cores,  handUng  and  closing  molds, 
pouring  and  shaking  out  to  be  performed.  In  fact,  we  are  far  from 
the  reaUzation  of  a  molding  machine  which  will  turn  out  castings, 
as  do  the  type  casting  machines  and  all  machines  which  cast  mildly 
hot  metal  in  chills,  and  which  may  not  be  called  molding  machines 
as  their  molds  are  already  prepared.  The  mold  which  melted  iron 
will  not  destroy  and  which  will  not  exaggerate  unequal  cooHng  of  the 
casting  surface,  with  resulting  evils,  is  no  nearer  our  commercial 
use  than  is  the  Philosopher's  Stone  and,  until  it  is,  the  molding 
machine,  delivering  only  incomplete  sand  molds,  wall  still  invoke  the 
genius  of  the  designers  who  know  where  to  hmit  its  functions,  and  the 
ignorance  of  those  who  do  not. 

LIMITATIONS  OF  MACHINE  FUNCTIONS 

Ramming 

soft  deep  sand 

9  Sand  will  flow  only  slightly  under  pressure,  hence  pressure  and 
blow  ramming  machines  fail  to  reach  deep  parts  because  shallower 
parts  absorb  the  pressure. 

10  Sand,  especially  in  pressure  ramming,  is  subjected  to  great 
friction  in  its  movement  down  the  sides  of  patterns  and  flasks — hence 
even  directly  vertical  pressure  over  deep  parts  does  not  ram  them 
down  all  the  way. 

ram  offs 

1 1  After  sand  is  partially  set  in  a  mold,  by  pressure  or  other  means, 
it  has  taken  the  shape  of  the  pattern,  and  if  it  is  moved,  it  carries  this 
pattern  shape — as  of  a  corner — with  it.  Thus  a  blow  of  a  hand 
rammer  at  one  side  of  the  sand  compressed  by  a  previous  blow,  shifts 
that  partially  rammed  sand  aside,  and  generally  away  from  the 
pattern. 

12  In  jolt-ramming  machines  a  pecuhar  ram  off  effect  occurs  at 
every  upwardly  convex  corner  of  a  pattern.  This  is  due  to  pre- 
vious jolting  having,  set  the  sand  over  the  pattern  at  the  corner, 
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with  the  result  that  Uttle  of  it  can  follow  out  and  down  past  the 
corner  to  take  the  place  of  the  deeper  sand  which  the  later  blows  of 
the  jolting  cause  to  settle  down  the  more  or  less  vertical  sides  of  the 
pattern.  The  result  is  a  zone  of  soft  sand  just  under  the  pattern 
corner. 

13  Still  another  failure  in  ramming,  in  the  nature  of  a  ram  off, 
occurs  in  what  is  coming  to  be  known  as  the  "gravity"  machine, 
though  it  is  no  more  entitled  to  the  term  than  the  jolt-ramming  type, 
gravity  alone  being  emplo3'ed  in  both  machines.  Allusion  has  been 
made  to  the  upward  looking  convex  corner  of  the  pattern  around  which 
it  is  hard  to  get  the  sand  to  flow.  In  the  jolt-ramming  machine  the 
sand  is  placed  in  pockets,  and  along  the  pattern  sides  prior  to  ramming, 
while  the  sand  in  the  "gravity"  machine  falUng  in  bats,  tends  to 
shed  off  the  corner  more  than  sand  previously  placed  around  it;  and 
this  has  led  to  constant  failure  in  the  past  in  this  very  old  method  of 
ramming.  Moreover  the  sand,  falUng  from  a  fixed  height,  tends  to 
ram  all  parts  of  the  mold  equally  hard — which  has  the  especially 
undesirable  effect  of  making  copes  as  hard  as  drags.  In  fact  it  seems 
worth  mentioning  here  that  what  is  called  "uniform  ramming"  is  not 
a  desirable  feature  in  molding  machines.  The  more  sand  density 
can  be  varied  the  better. 

14  In  vibrator  frame  machines,  called  such,  though  the  same  term 
may  be  applied  to  any  machine  using  an  undivided  pattern  with 
extensions  from  the  patterns  to  guides  outside  the  mold,  the  effect 
of  ram-off  is  commonly  produced  by  springing  of  the  unsupported 
pattern  during  ramming — it  being  immaterial  whether  the  movement 
be  in  the  sand  or  the  pattern. 

BARRED    FLASKS 

15  Flask  bars  have  been  a  limitation  more  or  less  serious  in  all 
molding  machines.  Taking  all  kinds  of  bars  into  consideration, 
including  those  which  spring  under  jolt  or  pressure  ramming,  there 
are  none  which  do  not  give  trouble,  or  cause  loss  of  time,  if  we  except 
the  so  called  "floating  bars,"  and  even  these  must  be  nicely  pro- 
portioned to  depth  of  sand,  etc. 

16  Pressure-ramming  machines  must  employ  special  ramming 
blocks  cut  away  to  clear  bars. 

17  Jolt-ramming  machines  require  that  the  bars  shall  be  very 
thin,  and  yet  not  spring,  for  if  a  bar  shakes  off  the  contact  of  the  sand 
and  the  frictional  bond  between  the  sand  and  the  bar  is  destroyed,  the 
bar  merely  aggravates  the  tendency  of  the  sand  to  drop  from  the 
flask,  by  cutting  it  into  channels  and  unsupported  blocks. 
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18  The  writer  knows  of  only  one  bar  that  will  hold  the  general 
mass  of  sand  after  the  sand  has  actually  separated  from  its  under 
edge.  It  is  one  which  has  been  designed  specially  for  jolt-ramming 
and  tested  with  complete  success  and  it  permits  the  sand  to  settle 
away  from  it  in  the  cope  while  keeping  the  mold  from  "coping,"  as 
the  runner  fills  up;  for  it  holds  the  sand  down  as  well  as  up. 

19  The  floating  bar,  whose  action  is  ideal,  if  its  descent  into  the 
sand  under  it  is  properly  controlled,  is  an  element  in  what  is  known 
as  bottom-ramming,  and  the  action  is  the  same  whether  the  bar  only, 
or  the  bar  and  the  flask  which  holds  it,  moves  toward  the  pattern  in 
ramming. 

20  This  is  the  only  form  of  flask  bar  which  is  not  even  theoreti- 
cally, a  limitation  to  ramming  by  machine. 

RAMMING    PATTERNS    DOWN    OR    SAND    UP 

21  It  is  impossible  to  ram  sand  up  into  an  inverted  pattern,  as  is 
required  in  making  a  drag  mold  without  rolling.  The  pattern  must 
first  be  filled  and  surrounded  with  sand.  Rathbone  did  this  first  in 
1905.  He  was  using  a  blow-ramming  machine,  with  an  inverted 
drag  pattern  on  a  match  board  for  producing  multiple  molds,  and 
found  that  the  projection  of  the  unrammed  sand  against  the  pattern 
an  instant  before  ramming — a  result  incidental  to  the  apparatus  he 
used, — accomplished  what  had  not  been  done  before. 

Machine  Limitations  in  Pattern  Drawing 
mismatch 

22  It  is  assumed  that  patterns  and  flask  pins  are  accurately  fitted; 
mismatch  is  caused  by  the  following  four  conditions:  a  cope  and 
drag  parts  of  the  pattern  on  separate  carriers — nothing  but  a  miracle 
can  insure  accurate  match,  for  all  the  errors  due  to  misfits  of  the 
dowels,  etc.,  enter  in,  as  they  do  not  when  the  same  rigid  piece  carries 
both  parts;  h  the  pattern  carrier  separated  from  the  part  of  the 
machine  containing  the  flask  pins.  An  apparent  exception  to  this 
is  the  ordinary  stripping  plate  machine,  when  patterns  are  new.  In 
this  case,  the  pattern  may  move  out  of  match,  but  the  new  stripping 
plate  with  flask  pins  in  it  in  sUding  over  them  forces  them  into 
place.  It  goes  without  saying  that  the  edges  of  both  the  stripping 
plate  and  the  pattern  suffer  in  consequence,  c  Lack  of  support  of 
joint  surface  during  pattern_[drawing  downward  causes  sagging  of 
joint. 
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23  If  from  any  cause  the  two  joint  surfaces  of  a  mold  are  not  per- 
fectly flat,  or,  if  not  flat,  perfectly  inversely  similar,  such  a  joint  will 
"creep"  out  of  match  in  closing.  For  this  reason,  mainly,  better 
matched  molds  are  obtained  from  stripi:)ing  plates,  which  support 
the  joint  during  pattern  drawing. 

2-4  In  the  first  use  of  vibrators  on  machines,  the  slight  lateral 
freedom  of  the  pattern  carrier  necessary  with  reference  to  the  mold 
was  secured  by  the  proper  freedom  of  a  match  plate  on  the  flask  pins. 
In  the  endeavor  to  improve  vibrator  action,  the  pattern  carrier  was 
separated  from  the  part  containing  the  flask  pins.  The  idea  was  that 
the  agitation  and  dropping  of  the  sand  while  drawing  patterns  down 
would  be  thus  avoided.  Wliile  this  was,  in  a  measure,  accomplished, 
the  clearances  thus  introduced  allowed  the  patterns  to  shift  out  of 
match  during  ramming,  and  led  to  the  introduction  of  untrustworthy 
automatic  locking  devices  dependent  upon  springs. 

25  d  Bottom  boards  and  match  boards  springing  under  ramming 
produce  the  amorphous  joints  last  referred  to  by  causing  convex  drag 
joints,  if  the  ends  of  boards  have  sprung  into  molds,  and  concave 
drag  joints  if  the  centers  have  sprung  in.  A  prolific  source  of  this 
failure  in  machines  is  the  use  of  skids  instead  of  flat  tables  in  pressure- 
ramming  machines.  For  example,  with  2h  inch  skids,  placed  10 
inches  apart,  the  center  of  the  board  of  a  mold  14  inches  long  will  be 
sprung  in,  producing  a  concave  drag  joint;  while  the  ends  of  the  board 
of  a  mold,  28  inches  long,  will  be  sprung  in  and  a  convex  drag  joint 
result. 

BROKEN   CORNERS 

26  stripping  plates  know  no  such  failures,  for  their  essential 
function,  as  indicated  by  their  French  name  "  peignes" — combs,  is 
to  comb  the  sand  along  the  edges  of  the  pattern.  But,  in  those 
machines  which  employ  vibrators  to  start  the  edges  of  sand,  three 
things  are  necessary:  a  Clean  and  well  drafted  edges  of  the  patterns. 
h  Absolutely  straight  movement  of  these  edges  relatively  to  the  sand, 
or  vice  versa,     c  Flasks  undistorted  by  clamping  or  otherwise. 

27  In  the  matter  of  clean  joint  edges,  an  interesting  detail  has 
within  the  last  few  years  been  developed.  Split  patterns  on  match 
plates  are  frequently  hollowed  out  to  save  weight  and  metal,  and  all 
patterns  have  more  or  less  air  space  between  them  and  the  plates. 
Mr.  Walker,  at  Erie,  found  that  at  the  moment  of  ramming  by  pres- 
sure, the  air  under  the  patterns  is  compressed  to  the  30  to  50  pounds 
pressure  of  the  mold,  and  that,  to  effect  this  compression,  the  very 
damp  air  in  the  unrammed  sand  is  forced  under  the  pattern — then, 
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immediately,  when  the  pressure  is  taken  off  the  sand,  this 
imprisoned  damp  air  issues  from  this  hollow  under  the  edges  of  the 
patterns  next  to  the  plate.  This  constant  breathing  in  and  out  of 
wet  air  causes  wet  corners  to  which  the  sand  adheres. 

28  This  has  led  Mr.  Walker  to  adopt  the  plan  of  sweating  his 
patterns  on  a  tinned  plate.  The  little  fillets  of  solder  which  run  up 
along  the  pattern  edges  help  the  pattern  draft  very  materially. 

29  The  shghtest  touch  of  a  pattern  on  the  sand  corner  that  it  is 
leaving  takes  at  least  a  little  of  that  corner  with  it.  An  illustration  of 
this  has  been  the  absolute  failure  of  what  is  known  as  the  vibrator 
frame  and  of  vibrated  solid  patterns  on  chain  link  and  saddlery  hard- 
ware. The  hand  molder,  rapping  his  pattern  through  the  cope  into 
the  closed  joint  of  his  mold  and  then,  with  practised  hand  setting  his 
patterns  in  the  exact  center  of  the  enlarged  sand  chamber  he  has 
formed,  lifts  his  cope  clear  and  clean,  while  the  vibrator  moves  the 
pattern  very  Uttle;  the  guide  on  the  flask  pins,  though  true,  is 
vitiated  by  the  rocking  in  hand  lifting,  the  sand  corners  are  sure  to 
touch  somewhere,  and  just  there  the  sand  is  either  torn  up  or  knocked 
down,  depending  upon  whether  the  pattern  is  drawn  up  or  down. 

UNTRUE    DRAFT 

30  Ihave  just  mentioned  the  rocking  of  a  mold  or  pattern  by  hand 
as  fatal  to  clean  draft.  Any  divergence  from  a  line  of  draft  normal 
to  the  joint  surface  of  the  mold,  or  a  Hne  predetermined,  is  equivalent 
to  vitiating  the  "draft"  given  the  pattern  by  its  maker  and  setting 
up  a  back  draft.  Yet  these  conditions  arise  in  what  are  known  as 
rock-over  machines,  which  draw  their  patterns  from  molds  lying  on 
tilting  bottom  boards. 

FLASKS    SPRUNG 

31  Hand-rammed  rock-over  machines  retain  a  weakness  which 
every  experienced  molder  would  avoid.  The  flask — often  a  very 
shallow  wooden  flask —  is  edge-clamped  to  the  pattern  board-  The 
springing  and  subsequent  recovery  of  the  flask  deform  the  joint  of  the 
mold  unless  the  hand  molders'  method  of  wedging  the  joint  is  adopted. 
Mr.  Pridmore  foresaw  this  difficulty  when  he  first  began  to  build  rock- 
over  machines  years  ago,  and  patented  clamps  which  prevent  the 
springing  of  the  flask. 

32  It  is  an  axiom  in  machine  molding  that  all  pattern  draft  must 
be  taken  from  the  mold  joint,  and  that  this  joint  must  be  main- 
tained without  deformation  until  the  mold  is  closed. 
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SIZES    AND    SHAPES    OF    MOLDS 

33  Molding  machines  are  now  in  a  position  to  say  to  the  trade 
that  the  mere  size  of  a  mold  is  no  reason  for  not  making  it  by  machin- 
ery. This  is  very  evident  in  the  case  of  hand-ramming  machines 
where  the  problem  of  furnishing  from  15  to  100  pounds  ramming 
pressure  to  every  square  inch  of  area  is  not  encountered,  and  in  the 
most  widely  known  hand  machines,  where  the  ends  of  the  frames  which 
carry  the  stripping  plates  are  left  open,  any  length  of  flask  within 
the  width  capacity  of  the  machine  may  be  accommodated,  provided 
the  length  is  not  sufficient  to  cause  too  great  an  overhang. 

34  Until  this  year,  America  has  not  known  famiUarly  a  complete 
molding  machine  that  would  handle  for  both  ramming  and  drawing 
patterns  any  size  or  shape  of  mold  for  which  it  had  ramming  capacity. 
Consider  for  a  moment  what  it  has  meant  to  the  introduction  of 
molding  machines  that  a  power  machine  has  been  used  for,  at  most, 
three  or  four  sizes  of  flasks,  the  only  latitude  being  in  width,  and 
this  limited  to  a  narrow  maximum. 

35  In  lathes,  many  diameters  and  lengths  of  work  are  handled.  In 
planers,  variations  in  all  three  dimensions  are  provided  for.  Yet,  in 
molding  machines,  where  the  sizes  of  molds  are  as  various  as  the 
sizes  of  the  castings  which  go  to  a  machine  shop,  designers  in  this 
country  have  contented  themselves  with  practically  a  separate 
machine  for  each  size  of  flask. 

36  To  illustrate  how  easily  satisfied  the  foundry  trade  is,  let  me 
say  that  for  years  several  machines  of  different  sizes  have  been  sold 
to  foundries  in  which  a  single  size,  and  often  a  single  machine,  would 
have  answered  the  purpose. 

37  And  the  only  arguments  advanced  therefor  have  been:  a  It 
will  not  do  to  have  too  large  a  top  on  a  machine,  as  the  projection 
beyond  the  flask  catches  sand,  h  The  flask  pins  in  the  machine 
require  that  the  pin  dimension  of  the  flasks  should  be  constant. 

38  Our  technical  press  has  lately  been  filled  with  descriptions  of  a 
French  molding  machine  and  its  equally  interesting  pattern  equip- 
ment, which  is  without  any  question  the  most  brilliant  work  in 
machine  molding  in  a  hundred  years  of  development.  The  able 
Frenchmen  who  have  evolved  this  mechanism  have  christened  it 
"Universal,"  with  an  intensity  of  meaning  characteristic  of  the  deep 
thought  which  has  produced  it. 

39  As  to  the  machine  itself,  what  has  it  done?  It  has  emascu- 
lated the  potent  arguments  which  have  filled  our  foundries  with 
polyglot  machines,  since  no  part  of  the  French   machine  projects 
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beyond  the  flask  to  catch  sand,  no  matter  what  the  size  or  shape  of 
the  flask  and  the  flask  pins  are  not  in  tlie  French  machine. 

40  It  is  not  necessary  here  to  describe  tliis  remarkable  machine 
and  its  fit  companions,  the  Plaques  Modeles  and  Cliches  Tables 
which  promise  to  reduce  our  molding  machine  metal  pattern  costs 
from  50  to  90  per  cent.  Very  complete  descriptive  matter  from 
one  of  the  inventors,  Mr.  Ronceray,  has  been    published    in   the 

"American  Machinist"  and  elsewhere,  and  later  on,  a  full  functional 
analysis  of  these  machines  may  well  add  to  the  value  of  our  Trans- 
actions. 

41  The  writer  will  enumerate  the  limitations  of  the  molding 
machine  as  known  in  America  to-day,  which  are  eliminated  by  the 
new  machine  molding  of  France. 

Ramming 
soft  deep  sand 

42  All  the  French  machines  may  be  fitted  at  a  trivial  cost  with 
Double  Serrage — an  apphance  for  double-ramming.  This  is  simply 
an  auxiliary  plunger  under  the  mold  table  of  the  machine,  set  quickly 
to  stop  gage,  to  which  are  attached  what  we  call,  in  the  United 
States  "stools."  While  the  main  ramming  pressure  is  on,  these 
stools,  which  have  receded  to  allow  a  given  amount  of  sand  to  enter 
the  pocket  or  cavity,  are  run  against  the  stop  gage  and  the  soft  sand 
is  made  just  hard  enough.  This  procedure  is  general  from  Tupper 
grate  bars  to  deep  and  intricate  green  sand  cores  in  automobile 
castings. 

RAM    OFFS 

43  Only  a  single  application  of  pressure  is  made,  and  deep  verti- 
cal sides  are  rammed  from  the  opposite  direction  so  that  no  "ram- 
off"  can  occur. 

MISMATCH 

44  As  the  flask  pins  are  not  in  the  machine, — though  they  are 
drawn  by  the  machine. — the  match  is  made  and  maintained  in  the 
foundry,  so  that,  with  full  responsibiUty,  the  foundry  may  also  have 
credit  for  matches  more  perfect  than  heretofore. 

BROKEN   CORNERS 

45  As  stripping  plate  patterns  made  by  the  French  process  are 
as  cheap  as  the  various  forms  of  vibrated  patterns  heretofore  known 
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in  America,  it  becomes  much  more  practicable  to  adopt  stripping 
plates. 

46  Broken  corners,  such  as  have  to  be  considered  in  vibrated 
patterns,  are  unknown  to  stripping  plates.  In  fact,  except  for  the 
cost  of  the  latter,  there  would  never  have  been  use  for  vibrators  in 
connection  with  molding  except  as  adjuncts  to  stripping  plates. 
This  is  even  true  of  patterns  drawn  up,  especially,  as  in  the  inverting 
French  machines,  the  stripping  plates  or  stools  follow  the  sand  down 
automatically. 

UNTRUE    DRAFT 

47  There  can  hardly  be  truer  pattern  draft  than  that  guided  by 
the  same  plunger  which  has  done  the  ramming,  as  is  the  case  in  all 
the  French  machines  of  the  rotary  or  inverting  type.  The  only 
necessary  precedent  is  that  the  ramming,  or  bottom  board  which 
has  been  forced  into  the  flask,  if  such  an  one  is  used,  shall  have  an 
even  seat  when  the  mold  which  is  being  lowered  on  the  inverted 
ramming  plunger  is  leaving  the  pattern.  The  slightest  difficulty 
from  this  source  is  easily  removed  by  three-point  bearings. 

48  In  the  French  machines  of  the  fixed  type,  the  pattern  draft 
datum  is  taken  from  the  mold  joint  itself,  inasmuch  as  the  columns 
which  raise  the  stripping  plate  and  the  half  mold  upon  it  have  adjust- 
able tops  which  are  set  at  the  start  to  conform  to  the  exact  surface 
of  the  mold. 

FLASKS    SPRUNG 

49  Since  no  clamps  are  used,  there  can  be  no  springing  of  flasks 
from  this  cause.  Furthermore,  I  would  here  mention  an  innovation 
illustrating  the  national  differences  in  everyday  practice  in  the  mold- 
ing methods  of  two  countries,  in  even  these  latter  days  of  constant 
interchange  of  ideas. 

50  The  French  use  round  flasks  as  commonly  as  we  do  square 
ones.  They  use  snap  flasks  hardly  at  all,  and  yet  they  obtain  from 
solid  flasks  what  we  know  only  as  snap  molds. 

51  When  it  is  stated  that  220,  21-inch  round  "snap"  molds  are 
produced  in  a  day  by  two  men  from  "solid"  flasks,  I  know  that  many 
will  ask  "How?" 

52  The  molds  are  made  as  molds  in  21-inch  round  flasks  would 
ordinarily  be  made;  except  that  very  thin  "binders,"  hoops  of  steel 
only  ^  inch  thick,  are  emplo3^ed.  The  drag  mold  is  then  set  upon  a 
plate  on  the  round  table  carried  by  an  assembUng  machine,  the  table 
and  plate  being  a  little  smaller  than  the  inside  of  the  flask.  This  plate 
serves  as  a  bottom  board.     The  cope  mold  is  placed  above  the  drag, 
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over  long  pins  common  to  both  parts,  so  that  the  match  is 
absolute.  The  cope  flask  being  locked  so  that  it  cannot  rise,  the 
plunger  rising  against  the  drag  carries  it  up  to  the  cope,  closing  the 
joint,  and  then  the  continued  ascent  of  the  plunger  forces  the  sand 
bodily  up  out  of  both  flasks,  and  we  have  the  strongest  shape  possi- 
ble of  a  snap  mold  held  by  binders — a  cylindrical  one. 

53  Thus  by  methods  radically  new  we  are  introduced  to  a  system 
of  machine  molding  which  has  profited  by  a  study  of  the  Umitations 
of  previous  machines.  Not  all  of  the  limitations  I  have  named  nor 
others  not  mentioned,  because  so  numerous,  have  yet  been  surmounted ; 
but  Paris  at  present  holds  the  prize  for  the  greatest  advance. 

54  So  complicated  and  so  varied  are  the  demands  upon  the 
foundry  molding  machines,  that,  unattractive  as  the  hot,  dusty 
foundry  is  to  engineers,  I  suggest  that  to-day  there  is  no  more 
promising  realm  of  thought  to  attract  the  genius  of  the  machine 
designer  who  has  had  the  opportunity  to  learn  by  hard  experience 
what  a  molding  machine  can,  and  what  it  absolutely  cannot  do. 


DISCUSSION 

Mr.  Ronceray*  Mr.  Mumford  mentioned  exceptional  cases  where 
it  might  be  necessary  to  provide  for  double-ramming,  that  is,  ram- 
ming deep  pockets  from  the  mold  face  independently,  and  his  presen- 
tation of  the  case,  according  to  my  experience,  is  characteristic  of 
the  condition  of  machine  molding  in  this  country.  In  this  country 
the  power  pressing  molding  machine  has  been  applied  especially  to 
shallow  castings.  It  has  been  quite  a  different  proposition  on  the 
other  side  of  the  ocean,  governed  largely  I  suppose,  by  the  peculiar 
requirements  of  the  trade.  There  is  very  Httle  repetition  work  there, 
while  on  the  contrary  there  is  considerable  of  it  here.  We  have  per- 
haps more  exacting  conditions  to  meet;  that  is  why  no  doubt,  it  has 
been  found  necessary  to  ram  deep  parts  in  the  mold;  and  this  is  the 
reason  for  the  presence  of  what  we  call  "double-ramming." 

2  It  will  be  understood  that  after  the  mold  has  been  rammed  from 
the  top,  the  stool  is  given  additional  pressure  from  the  bottom.  This 
method  is  used  for  special  cases.  It  is  not  for  general  rammmg 
around  deep  patterns. 

3  This  gives  me  occasion  to  describe  a  new  molding  machine, 
illustrated  in  Fig.  1  and  Fig.  2.     Take  for  instance,  patterns  shown 
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in  Fig.  1,  for  a  projectile,  which  shows  the  usual  shape.  It  is  exped- 
ient to  have  several  projectiles  in  the  mold,  but  only  two  are  shown 
which  will  be  sufficient  for  the  demonstration.  It  is  well  known 
the  difficulty  in  trying  to  ram  sand  around  too  small  pieces  Uke 
those  described.  The  problem  has  been  solved  in  tliis  way;  the  pat- 
terns have  been  made  longer   than  necessary  for  the  mold  itself, 


,^-^J^^^ 


FIG.  1     A  PATTERN  FOR  A  PROJECTILE 


ABCD  as  shown,  and  they  are  mounted  on  a  plate  £"  on  a  piston 
which  has  a  vertical  motion.  Place  sand  in  the  flask,  and  sand  frame 
up  to  the  level  FF,  the  sand  to  be  rammed  in,  as  on  an  ordinary 
molding  machine,  except  that  in  an  ordinary  machine  it  is  evident 
the  sand  would  not  be  rammed  at  GGG,  even  if  the  patterns  were 
fixed  at  the  position  shown  by  the  dotted  lines,  and  sand  rammed  over 
them,  the  friction  of  the  sand  would  interfere  with  the  ramming. 
As  shown  in  the  sketch,  the  descent  of  the  ramming  plate  HH  carries 
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patterns  and  sand  down  together  until  checked  at  the  surface  AB 
by  an  adjustable  stop  and  a  perfectly  rammed  cheek  is  made.  When 
sand  is  rammed  over  the  patterns,  and  the  patterns  are  pushed  down 
through  the  stripping  plate  //  by  other  means  than  actual  contact 
with  the  patterns  themselves,  so  leaving  sand  over  them,  a  complete 
half  mold,  instead  of  a  cheek,  is  formed.  This  method  has  been  tried 
on  difficult  work,  and  it  is  a  very  effective  way  to  ram  deep  sand  with- 
out hand  work. 


^      V-Position  1, 

\ 


^     ^r^^Posltion  2 


FIG.  2     A  SPECIAL  SET  OF  PATTERN-MAKING  FLASKS 


4  The  author  mentions  that  the  production  of  stripping  plates 
requires  great  accuracy.  There  are  stripping  plates  on  which 
the  cope  and  the  drag  part  of  the  pattern  are  put  along  side  of  each 
other. 

5  Great  accuracy  is  obtained  by  a  special  set  of  pattern  making 
flasks,  as  shown  in  Fig.  2. 

6  A  is  one-half  of  an  ordinary  flask,  cut  in  the  middle,  and  closed 
by  a  fourth  side  put  on  at  BB  and  finished  with  great  accuracy. 
What  Mr.  Mumford  has  called  a  foundry  jig  comprises  two  of  these 
half  flasks,  and  a  single  cope  flask. 

7  Placing  the  second  half  of  the  flask  over  the  first,  and  ramming 
it  up  as  a  cope  mold  on   any  patterns  tying  in  the  joint,  the  planed 
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sides  being  held  accurately  in  the  same  plane  by  bolts  and  dowels, 
in  position  1,  and  then  lifting  this  cope  and  rolUng  it  back  into  posi- 
tion 2,  we  obtain  a  duplex  drag  mold  in  which  every  part  of  a  mold 
in  one  half  is  absolutely  opposite  every  homologous  part  of  the  mold 
in  the  other. 

8  Over  this  duplex  drag  a  one-piece  cope  mold,  which  has  been 
separately  rammed  up,  is  placed  upon  a  frame  which  constitutes  a 
special  check  of  small  depth,  and  the  pattern  plate  run  in  this  three 
part  mold  will  have  the  reversing  principle  embodied  in  it  by  virtue 
of  its  method  of  manufacture. 

9  Reversing  stripping  plates  are  made  in  the  same  way  except 
that  they  are  made  in  the  joint  itself  without  the  cheek  frame. 

Mr.  Harris  Tabor  In  any  broad  discussion  of  machine  molding 
the  view  points  and  interests  of  several  different  individuals  must  be 
constantly  considered,  i.e.,  the  manufacturer  of  the  article  to  be 
molded,  the  designer  of  this  article,  the  pattern  maker,  the  molder 
the  designer  of  the  molding  machine  and  lastly  the  vender  of  them. 

2  As  the  designer  of  the  American  types  of  molding  machines 
which  are  criticised  in  Mr.  Mumford's  paper,  two  questions  suggest 
themselves  as  I  read  it.  First,  are  the  limitations  mentioned  really 
those  which  are  met  in  American  practice;  and  second,  admitting  all 
the  statements  in  regard  to  the  Universal  machine,  the  French  type, 
contained  in  the  eulogy  with  which  the  paper  closes,  will  not  its  lim- 
itations bar  it  out  for  even  consideration  on  90  per  cent  of  work 
which  under  favorable  circumstances  might  be  done  on  machines? 

3  The  molding  machine  proper  does  not  set  the  limit  to  machine 
molding.  The  hmitations  are  generally  governed  by  commercial 
and  foundry  conditions  and  the  disposition  on  the  part  of  the  foundry 
management.  In  this  country  frequent  changes  of  design  constitute 
a  serious  limitation  to  machine  molding,  and  he  is  a  wise  man  who 
can  determine  how  long  a  pattern  can  be  used  before  it  becomes  obso- 
lete. In  Europe,  where  patterns  are  subject  to  fewer  changes,  and 
the  product  from  the  hand  molder  is  so  much  smaller  per  man,  mold- 
ing on  expensive  machines  can  be  made  profitable. 

4  The  market  in  this  country  today  comes  lai'gely  from  the  job- 
bing foundry  which  has  very  Uttle  repetition  work,  and  this  calls  for 
the  simplest  form  of  machine  possible — inexpensive  and  with  a  con- 
paratively  low  cost  for  pattern  installation.  It  is  this  demand  that 
has  made  so  popular  the  hand  ramming  marginally-hinged  or  rock- 
over  machine  with  a  straiglit  draft  independent  of  the  rock-over 
movement. 
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5  With  certain  kinds  of  patterns  "ram-offs"  are  always  possible 
with  both  power  and  hand  ramming  but  in  practice  these  rarely 
occur  with  good  management.  The  type  of  machine  most  hkely  to 
produce  "ram-offs"  is  that  which  packs  tlie  sand  Avith  a  series  of 
blows  and  is  commonly  styled  the  "power  rammer."  Nevertheless 
the  largest  machine  molding  plant  in  tliis  country,  and  probably  in 
the  world,  uses  this  type  of  machine  exclusively,  and  has  done 
so  successfully  for  20  years.  This  indicates  that  in  one  place  at 
least  the  "ram-off"  has  no  terrors.  What  may  pass  for  a  "ram-off" 
with  the  uninitiated  or  the  semi-initiated,  is  often  caused  by  the  spring- 
ing of  too  Ught  a  flask.  The  real  Umitation  of  power  ramming  flasks 
with  fixed  bars  Ues  in  the  difficulty  of  filhng  the  flask  evenly.  When 
this  is  done  with  the  aid  of  a  shovel  the  operator  is  apt  to  give  more 
velocity  to  the  sand  going  in  to  some  compartments  than  others, 
and  the  result  is  an  uneven  mass  which  calls  for  more  or  less  hand 
work  before  power  ramming  is  appUed. 

6  If  the  barred  flask  be  large  in  area,  it  is  better  and  in  the  inter- 
est of  economy  to  use  it  on  the  simpler  form  of  hand  ramming  macliine. 

7  Flask  bars  have  a  twofold  mission;  first,  to  serve  as  a  support 
for  carrying  the  sand  and  to  prevent  coping  when  the  mold  is  poured; 
second,  to  strengthen  the  walls  of  the  flask.  These  two  functions 
insist  that  when  the  flasks  are  large  the  bars  be  firmly  attached  to  the 
walls. 

8  Floating  or  loose  bars  should  not  be  used  in  large  flasks,  unless 
the  bar  ends  have  a  sliding  connection  with  the  flask  walls  to  prevent 
the  latter  from  springing  under  the  pressure  of  ramming.  Often 
under  these  conditions  the  friction  of  the  bars  in  their  guides  may  be 
great  enough  to  prevent  a  portion  of  the  downward  movement  of 
the  bars  which  is  so  essential  with  this  system  of  ramming. 

9  With  smaller  flasks,  however,  these  bars  may  be  grouped  in 
one  piece  producing  an  effect  like  reenforced  concrete  and  used  to 
excellent  advantage.  In  the  early  molding  machine  days  the  writer 
was  so  enthusiastic  over  what  is  now  commonly  known  as  the  floating 
bar  that  he  took  out  a  broad  patent  covering  tiiis  feature.  This 
patent,  now  expired,  anticipated  all  that  is  now  being  done  with  this 
form  of  flask  bar. 

10  Assuming  that  patterns  and  flask  pins  are  accurately  fitted, 
all  molding  machines  on  the  American  market  today  wall  produce 
castings  with  Uttle  trace  of  the  flask  joint.  The  power  molding 
machines  with  which  we  are  familiar  have  marked  similarities  in  their 
pattern  drawing  mechanism. 

11  When  a  sag  in  the  mold  joint  occurs,  due  to  drawing  the  pattern 
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on  the  vibrator  type  of  machine,  it  is  advisable  to  introduce  a  simple 
stool  at  some  point  in  the  pattern  plate  to  prevent  this;  but  where  a 
sag,  due  to  the  weight  of  the  sand,  occurs,  the  only  remedy  is  to  use 
a  deeper  flask  or  introduce  bars. 

12  The  Alley  &  McClellan  molding  machine,  used  exclusively 
in  this  country  by  the  Westinghouse  Air  Brake  Company  for  20 
years,  is,  like  the  French  Universal  machine,  hj'drauUc,  and  in  both 
cases  the  downward  movement  of  the  ram  serves  as  a  guide  for  pattern 
drawing. 

13  The  suggestion  that  the  skids,  used  instead  of  a  flat  table 
in  pressure  ramming,  are  responsible  for  mismatch  is  hardly  borne 
out  by  experience.  Probably  one-half  of  the  molding  machines  in 
this  country  are  of  this  type.  Yet  they  all  seem  to  be  doing  good 
work.  This  type  of  macliine  has  two  cross  bars  on  which  the  cleats 
of  the  bottom  board  rest  during  ramming.  The  pressure  applied  to 
these  machines  is  sometimes  produced  by  compressed  air  but  more 
gen-erally  by  the  w^eight  of  the  workman  through  a  hand  lever. 

14  In  this  construction  the  crank  is  used  in  such  a  way  that  it 
passes  into  the  idle  arc  at  the  time  of  the  maximum  pressure.  It  does 
not  matter  how  the  pressure  is  applied,  so  long  as  it  is  sufficient  to 
ram  the  mold  properly.  This  type  of  machine  is  ordinarily  what 
might  be  termed  a  snap  flask  machine,  and  is  rarely  used  on  anytliing 
but  bench  work.  It  is  possible,  of  course,  to  use  flasks  so  long  that 
the  overhanging  ends  of  the  bottom  boards  and  the  space  between 
the  cleats  may  spring  to  such  an  extent  that  a  mismatch  or  broken 
mold  follows.  Such  cases,  however,  simply  indicate  bad  practice  in 
the  use  of  the  machines,  and  rarely  occur.  Our  finest  castings — and 
showing  absolutely  no  trace  of  the  flask  joint — are  made  on  this  type 
of  machine.  The  excellent  paper  by  Mr.  E.  H.  Berry  read  at  the 
Annual  meeting,  on  "Patterns  for  Repetition  Work"  illustrates  the 
advantages  of  this  sj'stem  of  molding. 

15  It  is  a  mistake  to  insist  that  stripping  plates  never  produce 
broken  corners.  With  the  stripping  plate  method,  it  is  very  easy  to 
"comb"  the  sand  along  the  outer  edge  of  the  pattern,  and  the  inner 
edges  where  such  exist,  may  also  be  treated  in  the  same  manner. 
These  edges  will  always  show  clean  and  fair  in  the  mold.  But  in 
cases  where  patterns  have  projecting  points  some  distance  from  the 
stripped  edge,  there  is  always  a  possibiUty  of  broken  corners  where 
the  stripping  plate  only  is  depended  upon.  The  vibrator  is  not  so 
effective  on  patterns  with  long,  straight  draft  as  the  stripping  plate, 
but  on  the  other  hand  it  is  decidedlj'  more  efficient  in  drawing  from 
the  sand  those  points  which  are  beyond  the  reach  of  the  stripping 
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plate.     Both  methods  of  pattern  drawing  are  excellent,  and  for  each 
there  is  a  large  field. 

16  The  great  advantages  of  this  vilDratory  feature  of  American 
design  have  been  discussed  quite  fully  by  Mr.  Mumford  in  his  paper, 
"Machine  Molding  without  Stripping  Plates"  read  before  the  New 
York  Meeting  some  years  ago  and  in  articles  appearing  from  time  to 
time  since  then  in  the  technical  press  describing  various  types  of  both 
power  and  hand  ramming  machines. 

17  Untrue  draft  always  means  broken  molds,  and  should  never 
be  permitted  in  any  type  of  molding  machine.  No  maiding  machine 
builder  in  this  or  any  other  country  would  knowingly  tolerate  such  a 
fatal  defect  in  a  machine.  It  is  true,  as  suggested,  that  untrue  draft 
may  result  in  a  flask  improperly  leveled  on  the  type  of  machine 
known  as  the  rock-over.  The  author  of  the  paper  under  discussion 
might  have  added  to  his  criticism  that  the  builders  of  the  straight 
draft  rock-over  machine  supply  a  leveling  device  which  automatically 
adjusts  itself  to  any  irregularity  in  the  flask,  thus  insuring  perfect 
draft. 

18  The  round  flask  may  be  popular  in  Europe.  It  can  have  no 
place  in  this  country  except  for  pulleys,  gears,  and  other  patterns  of 
similar  shape.  The  American  founder  insists  first,  last,  and  all  the 
time,  upon  the  minimum  amount  of  sand  to  be  handled.  The  only 
advantage  the  round  flask  possesses  for  general  work  is  that  it  may  be 
made  much  lighter  without  danger  of  its  springing  under  the  pressure 
of  ramming.  This  advantage  is  more  than  offset  by  the  greater 
amount  of  sand  rec|uired,  and  its  general  unfitness  for  the  average 
commercial  pattern.  At  least  90  per  cent  of  the  castings  made  in 
this  country  call  for  a  square  or  rectangular  flask.  In  some  lines  of 
foundry  work,  such  as  valves  and  fittings,  there  are  two  standard 
lengths  of  flasks — 10  and  18  in.  The  width  of  these  flasks  varies 
from  9  to  14  in.  These  sizes  have  been  determined  for  small  fittings 
after  countless  experiments  and  years  of  experience.  It  is  doubtful 
if  any  other  shapes  would  yield  as  much  in  the  way  of  castings  per 
ton  of  sand.  These  flasks  are  sometimes  of  iron;  but  more  commonly 
snap  flasks  are  employed.  When  the  latter  practice  is  followed, 
a  retaining  band,  as  described  by  Mr.  Mumford,  is  used,  thus  making 
the  mold  practically  as  strong  for  pouring  as  when  made  in  a  heavier 
iron  flask.  This  method  of  using  a  band  is  shown  in  Mr.  Berry's 
paper  to  which  reference  has  previously  been  made. 

19  There  are  various  ways  of  dealing  with  deep  bodies  of  sand 
which  he  between  the  walls  of  the  flask  and  often  between  the  pat- 
terns.    Ill  some  cases  the  operator  would  invert  his  shovel,  use  its 


1016  SOME    LIMITATIONS    OF    THE    MOLDING    MACHINE 

handle  for  a  ram,  and  with  a  few  strokes  pack  the  sand  at  these  points, 
leaving  the  balance  to  be  done  by  the  machine.  Li  m.any  cases  a 
slight  pressure  of  the  hand  only  is  necessary.  The  ramming  head 
may  also  be  cut  out  boldly  over  the  high  parts  of  the  patterns,  thus 
reheving  the  pressure  at  these  points.  In  many  cases  the  skilled 
operator  will  scoop  out  with  his  hand  a  portion  of  the  sand  overlying 
the  high  parts  of  the  pattern,  and  thus  give  rehef.  All  the  above 
methods  are  simple,  inexpensive,  and  probably  quite  as  effective  as 
the  more  comphcated  and  expensive  method  of  ramming  these  points 
from  below. 

20  The  limitations  of  machine  molding  are  very  few,  if  the  machine 
gets  into  the  proper  hands.  If  one  could  go  through  the  plant  at 
lUon,  in  charge  of  Mr.  Berry,  he  would  marvel  at  the  work  done  on 
molding  machines.  After  investigating  that  plant  thoroughly,  we 
think  he  would  agree  with  the  writer  in  feehng  that  Mr.  Berry  has 
given  us  one  of  the  best  pieces  of  molding  macliine  engineering  in 
this  coimtry.  The  limitations  of  the  molding  macliine  are  largely 
in  the  hands  of  the  men  who  furnish  the  tools,  equipment  and  pat- 
terns. Fortunately  for  the  foundry  trade,  we  are  getting  a  class  of 
men  expert  in  pattern  making,  and  in  adapting  patterns  to  molding 
machines.  In  the  present  advanced  stage  of  molding  macliine  design 
in  tliis  country  it  is  to  these  men  w^e  must  look  rather  than  to  the 
molding  machine  builder  for  the  removal  of  molding  machine  Umita- 
tions. 

21  Since  tliis  paper  was  presented,  arrangements  have  been  com- 
pleted by  which  the  right  to  manufacture  the  Universal  machine  in 
this  country  has  been  acquired  by  the  E.  H.  Mumford  Company. 
It  will  be  interesting  to  see  in  what  measure  the  points  of  strength 
claimed  for  it  will  assist  in  solving  the  problems  of  the  American 
foundrymen  and  to  what  extent  it  will  lead  to  a  more  general  use  of 
macliines  for  molding  purposes. 

The  Author  Mr.  Berry  speaks  of  the  difficulties  on  the  bottom 
board.  By  all  means  use  cleats.  A  bottom  board  or  a  mold  board 
is  much  freer  on  a  machine  to  push  through  the  sand  if  there  are 
cleats  under  it.  It  is  well  known  that  no  really  first  class  work,  of 
even  moderate  depth,  can  be  secured  from  a  molding  machine  with- 
out some  form  of  checking  of  the  edges.  In  some  of  the  fastest  mold- 
ing I  know  of  it  is  done,  but  it  is  best  to  do  it  by  putting  edges  on  the 
boards.  When  a  board  is  tongued  on  a  drag  mold  and  the  coat  is 
rammed  upon  it,  where  there  has  always  been  some  sand  checking, 
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a  very  large  percentage  of  the  pressure  of  the  machine  falls  on  those 
previously  packed  gores,  and  that  is  a  very  heavy  load  on  a  bottom 
board,  unless  it  is  battened  on  the  bottom  to  meet  that  pressure. 

2  I  think  a  jarring  machine  has  fewer  limitations,  perhaps,  as  to 
size,  excepting  the  question  of  impact  and  solidity  of  foundation; 
certainly  as  to  depth  there  seems  to  be  Httle  limitation.  Machines 
are  used  for  molds  of  considerable  size,  for  car  wheels,  steel  wheel 
centers  and  things  of  that  sort.  I  know  that  in  the  Chapman  works 
they  are  jar  ramming  some  large  valve  bodies  of  18  in.  and  that  is 
certainly  a  very  large  proportion,  and  Mr.  Knickerbocker  tells  me 
that  he  has  been  doing  it  most  successfully, 

3  I  notice  that  Mr.  Tabor  states  that  I  criticize  the  types  of 
machines  he  designed.  Reference  to  my  paper  will  show  that  my 
statements  of  machine  limitations  as  I  see  them  apply  as  freely  to 
machines  of  my  own  design  as  to  those  of  his  and  others;  they  have 
to  do  with  machine  molding  practice  more  than  a  century  old  and  are 
not  by  any  means  exclusively  American. 

4  The  fact  that  Mr.  Tabor  does  not  name  a  single  defect  of  the 
many  which  must  lurk  in  any  machine  that  is  unfit  for  "even  con- 
sideration" in  practically  all  of  its  work  invalidates  the  criticism. 
To  imply  that  a  machine  is  beyond  the  pale  even  of  consideration  for 
all  but  10  per  cent  of  its  work,  and  to  give  no  reason  for  this,  is  to  infer 
without  proof  that  the  machine  is  a  commercial  failure  and  mechanic- 
ally unfit  for  use.  No  man's  machine  should  be  so  broadly  condemned 
before  an  engineering  society  without  any  reason  being  given. 

5  Mr.  Tabor  refers  to  the  Westinghouse  machines  as  hj^'draulic 
like  the  machines  of  Ph.  Bonvillain  and  E.  Ronceray  and  makes  the 
.irrelevant  comment  that  the  patterns  are  drawn  by  the  motion  of  the 

ramming  plunger. 

6  There  is  absolutely  no  resemblance  between  the  two  machines 
of  both  of  which  it  is  true,  as  in  many  machines,  that  ramming  plung- 
ers have  some  part  in  drawing  patterns  and  the  evident  comparison 
of  the  French  machine  of  new  and  broadly  patented  design  with  the 
Scotch  machines  "used for  twenty  years"  is,  at  best,  unscien- 
tific. The  statement  that  "in  both  cases  the  downward  movement 
of  the  ramming  plunger  serves  as  a  guide  in  pattern  drawing"  does 
not  tell  the  whole  story.  The  rest  of  it  is  that  the  plunger  he  refers 
to  in  the  French  machine  is  the  ramming  plunger  of  the  power-ram- 
ming, power-clamping,  power-rolling  and  power-pattern-drawing 
machine,  a  plunger  with  a  three  fold  function,  doing  its  ramming, 
clamping  its  bottom  board  to  its  mold  and  drawing  perfectly  without 
a  "levelling  device." 
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7  Mr.  Tabor  attaches  much  more  importance  than  I  did  to 
"ram-offs. "  He  knows  they  exist  exactly  as  I  stated  and  the 
blunders  of  beginners  are  not  valuable.  Such  "ram-offs"  as  I  de- 
scribed in  Par.  11,  12  and  13,  cannot  possibly  be  caused  by 
flasks  springing. 

8  Mr.  Tabor  says  "The  real  limitations  of  power-ramming  flasks 
with  fixed  bars  is  due  to  the  difficulty  of  filling  the  flask  evenl}^" 
Of  course  it  is  well  known  that  careless  filling  with  a  shovel  of  any 
flask,  barred  or  unbarred,  gives  trouble.  But  this  is  only  a  little 
thing  among  bar  difficulties.  This  suggestion  leads  me  to  add  that 
when  I  can,  by  use  of  a  double  screened  "loose-ring"  riddle,  fill 
flasks  through  No.  4  mesh,  No.  14  wire,  at  the  rate  of  1  cu.  ft.  of  tem- 
pered sand  every  6  seconds,  I  do  not  use  the  shovel  at  all. 

9  The  use  of  gaggers,  floating  grids  and  frames  carrying  ramming 
spikes  in  the  very  old  hydraulic  machines  for  pulleys  and  such  like 
makes  it  impossible  for  any  one  now  to  claim  priority  in  such  ideas. 
I  patented  a  telescopic  flask  for  the  effect  of  floating  bars  in  the  cope 
flasks  for  tunnel  plates  some  years  since.  Mr.  Tabor  speaks  of  his 
floating  bar  patent  having  been  taken  out  "in  the  early  molding 
machine  days. "  Mr.  Tabor  is,  relatively  speaking,  a  very  recent, 
though  an  able  worker  in  molding  machines.  Molding  machines  were 
nearly  ninety  years  old  in  both  England  and  Germany  before  Mr. 
Tabor  took  his  first  patent. 

10  Mr.  Tabor  says  "Assuming  that  patterns  and  flask  pins  are 
accurately  fitted,  all  molding  machines  on  the  American  market 
today  will  produce  castings  with  little  trace  of  the  flask  joint. " 

11  I  must  call  attention  especially  to  Par.  24,  of  my  paper  which 
referred  to  a  distinctively  American  machine  and,  in  view  of  Mr. 
Tailor's  mention  of  machines  on  the  American  market  as  being  free 
from  the  trouble  of  mismatch,  I  am  compelled  to  state  that  on  the 
machines  in  which  this  ver}^  serious  trouble  exists,  many  users  have 
resorted  to  putting  the  flask  pins  in  the  pattern  plate  itself  to  avoid 
this  trouble.  The  vibrator  frames  in  use  on  all  Mumford  machines 
from  the  very  first  have  accomplished  the  same  results  to  such  an 
extent  that  the  old  construction  has  been  and  is  being  abandoned  for 
the  new  on  this  type  of  machine  with  great  enhancement  of  the  value 
of  the  old  machines  constructed  as  described  in  my  paper. 

12  As  to  round  flasks,  there  is  no  more  use  for  a  round  flask  in 
Europe  than  in  America.  Inadvertently  I  mentioned  only  the  round 
flask  in  connection  with  the  French  production  of  what  we  know  as 
snap  molds  without  the  use  of  snap  flasks.     This  was  an  oversight,  as 
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all  shapes  of  flasks  are  used  in  the  same  way.  The  American  founder 
is  not  different  from  any  other  founder  in  his  liking,  as  Mr.  Tabor 
says,  "first,  last  and  all  the  time"  for  saving  sand  in  flasks,  but  sand 
is  wasted  in  square  corneis  on  round  work  where  square  flasks  only 
are  available  as  it  is  wasted  in  round  flasks  on  square  work.  The 
difference  between  putting  square  work  in 'a  round  flask  or  round 
work  in  a  square  fiask  is  a  difference  of  only  6  per  cent.  Mr.  Tabor's 
error  in  stating  that  the  round  flask  "can  have  no  place  in  this  coun- 
try," except  for  round  castings  will  be  made  especiall}'  conspicuous 
by  reference  to  The  Foundry  for  April,  in  which  a  modern  American 
steel  foundry  is  shown  largely  equipped  with  round  flasks  built,  "in 
twelve  different  sizes  from  2^  ft.  to  12^  ft.  in  diameter, "  and  in  which 
the  reason  for  the  use  of  the  round  flask  is  clearly  stated  as  follows: 
"Many  patterns  conform  to  a  flask  of  this  shape,  and  the  amount  of 
sand  required  is  much  less  than  in  the  square  flasks  in  which  the 
corners  carr}'  large  bodies  of  sand  that  are  practically  of  no  value, 
but  nevertheless  must  be  handled. " 

13  Many  tons  of  these  circular  flasks  are  shoAvn  stacked  in  the 
foundry  apparentl}^  almost  to  the  exclusion  of  rectangular  flasks. 

14  The  contention  that  the  immemorial  crude  hand  methods  of 
"butt  tucking,"  with  a  shovel,  "finger  tucking,"  "scooping  out," 
etc.,  are  or  ever  will  be  effective  in  ramming  sand  in  deep  pockets 
uniformly  is  untenable. 

15  The  refeience  to  "complicated  and  expensive  method"  would 
seem  to  indicate  that  he  has  not  studied  or  does  not  understand  the 
ver}'  simple  method  of  double-ramming  employed  in  the  universal 
system  of  machine  molding  by  Messrs.  Bonvillain  and  Ronceray. 
l\Ir.  Tabor  recommends,  even  in  this  discussion,  the  "stooling"  of 
patterns.  In  the  handling  of  stools,  Mr.  Tabor  himself  uses  a  plunger 
under  his  stool  plate.  The  Frenchmen  simply  stop  this  plunger  in 
its  upward  motion  after  it  has  compressed  the  sand  over  the  stools 
enough  and  then  withdraw  the  stop. 

16  The  regrettable  lack  of  facilities  for  rapidly  disposing  of  molds 
produced  by  complete  molding  machines  and  supplying  sand  to  them 
has  made  the  marker  for  incomplete  light  portable  machines  such  as 
these.  But  the  lack  has  developed  a  demand  and  no  engineer  ever 
failed  to  meet  a  demand  based  on  a  real  need;  so  that  now  we  are  about 
to  have  these  facilities  for  ordinary  foundries;  and  the  product  of  the 
highest  mechanical  intelligence  embodied  in  machines  can  have  fair 
play. 

17  I  do  not  disparage  the  able  engineer  who  has  had  so  fertile 
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a  wit  as  to  supply  a  handy  hand  molding  machine  which  has  been 
the  best  machine  possible  where  a  better  machine  would  not  have 
done  more  work — or  done  it  better.  But  so  far  as  the  success  of  a 
machine  is  laid  upon  conditions,  in  themselves  defective,  it  may  be 
assumed  that  such  a  foundation  will  be  replaced  by  the  progressive 
foundry  engineer  and  a  superior  product  of  engineering  skill  placed 
upon  it. 

18  I  cannot  close  without  noticing  Mr.  Tabor's  statement  that 
European  patterns  are  less  often  changed  than  in  America.  I  assume 
that  he  means  that  multiplicate  castings  from  individual  patterns 
on  machines  are  in  greater  demand  there  than  here. 

19  Reference  to  my  discussion  of  Mr.  Beriy's  paper  will  show 
that  I  also  have  praised  his  work  at  Ilion,  but,  it  must  be  admitted 
that  I  think  this  is  a  small  department  of  the  broad  field  of  what 
he  calls  ''molding  machine  engineering." 


No.  1178 

THE  SPECIFIC  HEAT  OF  SUPERHEATED  STEAM 

By  prof,  carl  C.  THOMAS,  ITHACA,    N.  Y. 
Non  Member 

The  specific  heat  of  .superheated  steam  is  of  interest  to  engineers 
because  upon  it  depend  the  answers  to  the  two  following  questions: 
a  How  much  does  it  cost,  with  given  efficiency  of  steam- 
heating   apparatus,   to   produce   superheated   steam   of 
given  pressure  and  temperature,  at  a  given  rate? 
b  What  amount  of  heat  energy  may  be  counted  on  as  available 
in  unit  weight  of  superheated  steam  of  given  pressure 
and  temperature? 

2  Since  the  specific  heat  of  any  substance  is  the  quantity  of  heat 
required  to  change  the  temperature  of  unit  weight  through  one  degree, 
and  since  this  quantity  may  or  may  not  depend  upon  the  initial  tem- 
perature and  pressure  of  the  substance  under  consideration,  it  follows 
that  the  specific  heat  may  be  practically  constant,  as  in  the  case  of 
water,  or  variable,  as  with  gases.  If  the  latter,  the  true  specific  heat 
or  specific  heat  at  a  point,  must  be  considered. 

3  In  some  calculations  it  is  necessary  to  have  a  knowledge  of  the 
value  and  law  of  variation  of  the  mean  specific  heat,  or  the  average 
amount  of  heat  required  per  degree  in  changing  the  temperature  of 
a  substance  from  some  assumed  starting  temperature  to  some  other 
temperature.  This  mean  specijic  heat  is  more  often  required  in  en- 
gineering calculations  than  is  the  specific  heat  at  a  point. 

4  The  results  given  in  this  paper  show  both  true  and  mean  specific 
heats  of  superheated  steam,  the  mean  being  for  temperature  ranges 
starting  at  the  saturation  temperature. 

5  The  final  form  of  apparatus  was  developed  after  a  series  of 
painstaking  investigations  extending  over  several  years.  These  pre- 
liminary experiments  are  important  in  showing  the  advantage 
derived  from  certain  improvements  in  the  apparatus,  and  will 
therefore  be  first  described. 

Presented  at  the  New  York  Meeting  (December  1907)  of  The  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of  the  Transactions. 


1022  THE   SPECIFIC    HEAT    OF    SUPERHEATED    STEAM 

6  Study  of  the  characteristics  of  the  flow  of  steam,  superheated 
or  otherwise,  and  with  or  without  entrained  water,  have  resulted  in  the 
development  of  the  special  apparatus  devised  by  the  author  for  the 
measurement  of  specific  heat. 

PRELIMINARY    APPARATUS    AND    EXPERIMENTS 

7  The  following  notes  are  intended  to  convey  an  understanding 
of  the  hne  of  reasoning,  and  the  method  and  apparatus  employed  by 
the  writer  and  his  assistants  during  the  years  1905,  1906  and  1907. 

8  The  first  experiments  consisted  in  passing  superheated  steam 
through  the  bomb  calorimeter  shown  in  Fig.  1.  In  this  calorimeter 
were  electric  resistance  coils  which  served  to  raise  the  steam  temper- 
ature from  Ti  at  entrance  to  T,  at  exit.  The  electrical  energy  and 
the  subsequently  condensed  steam  being  measured,  the  mean  specific 
heat  could  be  calculated.  A  portion  of  the  electrically  supplied 
heat,  however,  was  lost  by  radiation  and  conduction,  notwithstanding 
the  precautionary  use  of  glass  inlet  and  outlet  tubes  for  the  steam, 
and  heat-insulating  supports  for  the  calorimeter. 

9  Attempts  to  ascertain  the  radiation  loss,  by  supplying  just 
enough  electrical  energy  to  keep  the  temperature  of  the  steam  con- 
stant in  its  passage  through  the  calorimeter,  were  but  partially  suc- 
cessful, owing  to  the  impossibility  of  keeping  surrounding  conditions, 
or  the  rate  of  flow  of  the  steam,  unchanged  during  the  various 
tests.  The  results  of  these  experiments,  about  one  hundred  in  num- 
ber, are  indicated  in  the  lower  right  hand  corner  of  Fig.  19. 

10  A  further  disadvantage  of  this  method  and  apparatus  lay  in 
the  slightly  higher  pressure  at  the  entrance  thermometer  than  at  the 
one  at  exit.  This  was  obviated  in  the  final  experiments  by  employ- 
ing only  one  thermometer,  in  a  fixed  position,  for  measuring  both 
initial  and  final  temperatures. 

11  In  order  to  eliminate  various  sources  of  error  that  had  become 
apparent,  two  identical,  electrically  heated  calorimeters  were  ar- 
ranged in  parallel,  as  shown  in  Fig.  2.  Each  containing  shell  was 
jacketed  on  the  inside  by  steam  at  the  initial  temperature.  The 
steam  passed  as  indicated  by  the  arrows.  Fig.  1,  through  electric 
heating  coils  so  insulated  from  the  entering  steam  passage  that  the 
further  superheating  was  supposed  not  to  affect  the  temperature  of  the 
steam  next  the  exterior  walls  of  the  calorimeter,  thus  insuring  the 
same  radiation  from  both  instruments. 

12  To  one  calorimeter  was  supplied  electrical  energy  sufficient 
to  raise  the  temperature  from  some  convenient  temperature,  say  250 
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FIG.  1     SUPERHEATING  CALORIMETER  FOR  DETERMINING  THE  SPECIFIC 
HEAT  OF  SUPERHEATED  STEAM. 


FIG.  2     SUPERHEATING  CALORIMETER  FOR  DETERMINING  THE  SPECIFIC 
HEAT  OF  SUPERHEATED  STEAM 
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degrees,  to  270  degrees,  and  to  the  other  to  raise  the  temperature  from 
the  same  initial  temperature  250,  to  290  degrees. 

13  There  being  the  same  quantity  of  steam  going  through  each 
calorimeter,  and  the  radiation  loss  for  each  being  the  same,  the 
difference  in  watts  required  to  effect  the  different  increases  of 
temperature  in  the  two  calorimeters  (in  this  case  20  degrees)  repre- 
sented the  heat  necessary  to  raise  the  given  quantity  of  steam  from 
270  to  290  degrees. 

14  Upon  leaving  the  two  calorimeters  the  steam  passed  through 
condensers,  thence  to  accurately  bored  measuring  tubes  containing 
floats  operating  needle  points.  By  so  regulating  the  discharge 
valves  of  the  calorimeters  that  the  two  needle  points  passed  up  the 
scale  absolutely  together,  equal  quantities  of  steam  could  be  passed 
through  the  two  calorimeters. 

15  Glass  tubes  were  employed  at  entrance  and  exit,  in  order  to 
prevent  conduction  losses.  The  temperatures  of  incoming  and  out- 
going steam  were  taken  by  means  of  thermo-couples  placed  in  the 
glass  inlet  and  outlet  tubes. 

16  In  building  up  the  apparatus,  one  after  another  of  the  causes 
of  error  in  the  previous  investigation  were  attacked  and  eliminated 
by  providing  the  following  conditions: 

a  The  production  of  a  continuous  supply  of  steam  superheated 
to  a  given  constant  temperature  and  maintained  at  a 
given  constant  pressure.  This  was  accomplished  by  pass- 
ing steam  from  a  small  water  tube  boiler  through  an  elec- 
tric superheater,  before  which  was  placed  a  separator  and  a 
throttle  valve.  The  steam  pressure  was  kept  uniform  by  a 
man  at  the  throttle  valve  continuously  observing  a  steam 
gage.  The  steam  passing  through  the  electric  superheater 
at  constant  pressure  was  raised  in  temperature  by  a 
thoroughly  controlled  electrical  input,  until  the  steam, 
upon  reaching  the  two  calorimeters,  was  at  the  given 
desired  initial  condition,  ready  to  be  heated  further  in 
the  calorimeters  for  determining  the  specific  heat.  The 
steam  entered  and  left  the  two  calorimeters  through  the 
glass  tubes  already  described  and  passed  directly  over  or 
around  the  thermo-couples  for  measuring  temperature. 

h  A  uniform  supply  of  electrical  energy  at  constant  voltage, 
and  a  means  of  varying  the  amount  of  electrical  energy 
between  narrow  limits.  This  was  obtained  by  the  use  of 
a  motor  generator  set  equipped  with  a  Tirrel  regulator. 
The  resistance  used  for  controUing  the  amount  of  current 
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consisted  largely  of  incandescent  lamps.  These  were  used 
because  they  are  not  much  affected  by  temperature 
changes  in  the  room,  currents  of  air,  etc.  The  input  of 
electrical  energy  was  measured  upon  a  single  milh-volt- 
meter  so  arranged  as  to  read  both  volts  and  amperes. 
This  was  done  to  avoid  errors  in  reading  two  separate 
instruments. 

c  Means  for  absolutely  measuring  the  temperature  of  the 
steam  entering  and  leaving  the  calorimeters.  After  an 
extended  experience  with  the  best  mercurial  thermom- 
eters obtainable  in  this  country  and  abroad,  it  was  found 
that  the  lack  of  constancy  of  the  mercurial  thermometer 
rendered  it  totally  unfit  for  this  class  of  work.  Temper- 
atures were  therefore  measured  by  thermo-j  unctions 
which  are  readily  inserted  in  the  desired  position  and 
which  can  be  calibrated  with  accuracy.  Platinum  resist- 
ance thermometers  were  tried  but  displaced  in  favor  of 
the  thermo-couples. 

d  Means  for  eliminating  the  errors  introduced  by  radiation  of 
heat  from  the  apparatus.  This  was  done  as  already  de- 
scribed by  arranging  for  equal  radiation  losses  from  the 
two  instruments.  To  make  sure  that  the  radiation  losses 
were  the  same  from  the  two  calorimeters,  special  radiation 
runs  were  made  by  passing  superheated  steam  through 
the  calorimeters  and  introducing  just  enough  electrical 
energy  to  equalize  the  entering  and  exit  temperatures. 

e  Means  for  thermally  isolating  the  apparatus  and  thus  mini- 
mizing the  loss  of  heat  by  conduction  through  pipe  con- 
nections and  supports.  The  pipe  connections  were  the 
glass  tubes  described,  and  the  supports  were  wooden 
blocks  covered  with  Portland  cement  upon  which  calor- 
imeters rested. 

/  Means  for  obtaining  a  continuous  measure  of  the  amount  of 
steam   passing   through   the   calorimeters;   intermittent 
weighing  of  the   condensed  steam  is  not  satisfactory. 
The  continuous  measure  was  obtained  by  using  the  uni- 
form diameter  tubes  containing  the  floats  actuating  needle 
points. 
17     The  apparatus  was  operated  by  Mr.  C.  E.  Burgoon,  Fellow  in 
Sibley  College  in  1905-1906,  and  the  great  care  and  skill  he  bestowed 
upon  the  work  resulted  in  the  performance  of  about  one  thousand 
experiments,  the  results  of  which  are  shown  in  the  lower  right  hand 
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corner  of  Fig.  20.  During  this  extensive  set  of  experiments,  how- 
ever, it  became  apparent  that  the  apparatus  as  a  whole,  while  it  pro- 
vided for  eliminating  the  errors  described,  was  too  complex  and 
required  too  many  accurate  readings  to  be  practical  of  operation  to 
the  degree  of  accuracy  desired,  under  the  circumstances.  There 
were,  for  example,  four  thermo-j unctions  to  be  read  as  nearly  simul- 
taneously as  possible;  there  was  an  auxiliary  superheater  to  control; 


FIG.  3     CALORIMETER  AS  ARRANGED  FOR  DETERMINING  THE  SPECIFIC  HEAT 
OF  SUPERHEATED  STEAM 

■  A,  Inlet  to  Calorimeter;  B,  Soapstone  support  for  resistance  coils;  C,  Resist- 
ance coils  for  heating  steam;  D-D,  Electric  terminals;  E-F,  Thermo  junction 
and  leads;  G,  Transparent  glass  outlet;  H,  Orifice. 

there  was  the  discharge  from  two  calorimeters  to  regulate  and  to 
measure,  and  the  electrical  energy  supplied  to  the  two  calorimeters 
as  well  as  to  the  auxiliary  superheater  to  be  controlled.  However 
these  experiments,  occupying  about  a  year,  gave  fairly  rehable 
values  for  the  specific  heat  of  superheated  steam,  and  showed  in  a 
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general  way  what  has  been  proved  by  the  later  experiments  to  be  the 
law  of  variation.  But  the  more  important  service  of  the  experiments 
was  to  show  the  necessity  for  greater  simplicity  of  apparatus. 

FINAL  APPARATUS  AND  EXPERIMENTS 

18  The  regularity  of  the  final  results,  presented  on  Fig.  5,  6,  7  and 
8,  is  due  primarily  to  the  fact  that  the  apparatus  has  been  simphfied 
by  the  discarding  of  a  great  deal  of  what  formerly  seemed  essential. 
One  of  the  chief  improvements  came  with  the  development  of  the 
steam  calorimeter  shown  in  Fig.  3.  This  calorimeter,  while  it  is  used 
for  determining  the  quality  of  steam,  has,  on  account  of  its  simphcity 
of  construction  and  operation,  been  found  specially  well  adapted  for 
determining  the  specific  heat  of  superheated  steam. 

19  The  apparatus  used  in  the  final  experiments  consisted  essen- 
tially of  the  following: 

a  A  source  of  steam  under  complete  control; 

6    A  source  of  electrical  energy  under  complete  control; 

c  An  electrically  heated  calorimeter  containing  a  single  thermo- 
j  unction,  shown  at  E  F,  Fig.  3,  introduced  immedi- 
ately into  the  steam  and  capable  of  accurately  measuring 
the  temperature  of  the  same.  The  details  of  the  appara- 
tus are  such  that  all  conditions  are  under  the  control  of  an 
operator  standing  at  a  table  where  all  readings  are  taken. 

20  The  calorimeter.  Fig.  3,  is  in  a  vertical  position  and  receives 
steam  from  the  boiler  and  separator,  through  the  steam  entrance  A 
to  the  calorimeter.  This  steam  carries  moisture  along  with  it,  into 
the  small  vertical  holes  containing  the  resistance  coils  C,  Fig.  3. 

21  If  all  the  conditions  are  steady,  and  sufficient  electrical  energy 
is  being  introduced  at  a  constant  rate,  the  moisture  is  evaporated  from 
the  steam  and  the  whole  amount  of  steam  is  superheated  to  some 
fixed  temperature  depending  upon  the  electrical  energy  supplied 
and  the  conditions  of  the  entering  steam.  If  the  proportion  of  water 
brought  in  with  the  entering  steam  increases  or  decreases,  the  tempera- 
ture as  shown  by  the  thermo-j  unction  E  indicates  such  change  by 
an  immediate  fall  or  rise.  Thus,  if  the  percentage  of  water  increases, 
the  constant  supply  of  electrical  energy  is  not  sufficient  to  raise 
the  steam  temperature  as  high  as  it  could  when  it  had  less  evapora- 
tion to  perform  before  beginning  to  superheat.  The  relative  con- 
stancy of  all  conditions  is  therefore  shown  by  the  degree  to  which 
the  image  on  the  screen  showing  the  electromotive  force  of  the  thermo- 
j  unction  E,  remains  fixed  in  position.     It  requires  two  or  more  hours' 
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G  4     THE  ARRANGEMENT  OF  THE  CALORIMETERS  IN  RUNS  DURING  WHICH 
THE  NORMAL  RADIATING  SURFACE  WAS  DOUBLED 

DESCRIPTION   OF  THE  APPARATUS  SHOWN   IN   FIG.   4 

Apparatus  as  arranged  during  radiation  runs,  in  which  the  radiating  surface  is 
double  what  it  is  in  the  regular  runs.  In  the  regular  runs,  steam  passes  through  the 
left  hand  calorimeter  only,  the  right  hand  calorimeter  being  removed   entirely. 

During  runs  for  obtaining  double  radiation  loss,  heating  is  done  in  the  left  hand 
calorimeter  only,  and  the  steam  is  exposed  to  radiation  from  walls  of  space  *S,  in 
the  right  hand  calorimeter  before  its  temperature  is  taken  by  means  of  the  thermo- 
j  unction. 

The  plate  P  is  screwed  in  and  separates  the  lower  part  of  the  calorimeter 
from  the  upper  part  during  runs  for  obtaining  radiation  loss  values.  The  steam 
is  not  superheated,  in  regular  runs,  till  it  reaches  the  upper  part,  marked  aS,  and 
the  radiation  loss  occurs  from  space  S,  and  not  from  that  below.  The  lower 
space  M  is  kept  filled  with  wet  steam  during  radiation  runs. 

The  connection  C  is  simply  to  keep  the  walls  of  the  calorimeter  hot,  with  steam 
of  same  temperature  as  was  in  contact  with  these  waUs  during  the  experiments 
with  normal  radiation  surface.  This  is  to  cause  the  conduction  from  the  upper 
part,  where  the  superheated  steam  is  passing,  to  the  the  lower  walls,  which  are 
jacketed  with  wet  steam,  to  be  the  same  as  it  was  in  the  experiments  with  one 
calorimeter. 
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time  after  starting  the  apparatus  preparatory  to  making  a  test  for 
all  conditions  to  become  absolutely  steady.  When  the  conditions 
have  become  steady,  there  is  passing  through  the  space  above  the 
heating  coils  C,  and  about  the  thermo-j unction  E,  superheated  steam 
of  a  given  temperature  and  pressure,  flowing  at  a  given  constant  rate. 
The  electrical  energy  suppUed  is  doing  the  following  three  things: 

a  Evaporating  the  moisture  brought  in  with  the  steam. 

6  Superheating  the  total  amount  of  steam. 

c  Heating  the  surroundings  because  of  radiation  from  the 
calorimeter. 

22  The  velocity  of  the  steam  through  the  coils  is  comparatively 
very  low,  from  about  one  and  one-half  feet  per  second  at  500  pounds 
pressure  absolute,  to  18  feet  per  second  at  7  pounds  pressure  absolute. 
The  higher  velocity  at  low  pressures  is  due  to  the  greatly  increased 
volume  per  pound  of  steam.  The  vertical  position  of  the  calorimeter 
is  an  important  feature,  first  because  the  steam  and  water  are  distrib- 
uted more  nearly  uniformly  than  they  would  be  if  the  calorimeter 
were  horizontal;  second,  because  the  superheated  steam  rises  at  once 
into  the  small  space  above  the  coils  and  attains  a  uniform  temperature 
as  it  passes  out  through  the  constricted  passage  about  the  thermo- 
j  unction.  The  calorimeters  in  the  series  of  experiments  already 
described  were  horizontal. 

23  The  experience  thus  gained  led  to  adopting  the  vertical  posi- 
tion, and  the  advantages  of  this  were  at  once  apparent.  By  careful 
study  of  the  steam  as  it  passed  through  the  glass  exhaust  nozzle, 
G,  it  was  found  that  the  thermo-j  unction  would  indicate  no  rise  of 
temperature  above  that  of  saturated  steam  so  long  as  water  was  going 
through  with  the  steam.  As  soon  as  sufficient  electrical  energy  was 
being  introduced  to  make  the  water  disappear  however,  any  further 
adcUtion  of  energy  caused  a  rise  of  temperature  of  the  steam.  In  a 
horizontal  position  the  distribution  of  the  contents  of  the  calorimeter 
is  not  so  uniform,  and  the  indications  of  the  thermometer  are  less 
reliable  than  when  the  calorimeter  is  vertical.  In  the  vertical  posi- 
tion, when  water  is  passing  with  the  steam  it  collects  upon  the  tube 
of  the  thermo-j  unction  as  well  as  upon  the  walls  of  the  passageway, 
and  dripping  down  off  the  end  of  the  junction  causes  the  latter  to  be  in 
contact  with  the  water  as  long  as  there  is  any  water  present. 

24  It  is  thus  possible  to  know  with  certainty  when  the  steam  has 
just  become  dry  and  saturated,  and  to  distinguish  between  this  con- 
dition and  that  of  either  wet  or  of  superheated  steam.  A  feature 
which  contributes  to  the  uniform  evaporation  of  water  and  super- 
heating of  steam  is  that  the  spiral  heating  coils  present  a  sinuous 
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outline  as  one  looks  into  the  holes  in  the  soapstone,  and  they  pre- 
vent the  vision  from  extending  over  the  complete  length  of  the  holes. 
The  steam  and  water  are  thus  caused  to  come  into  very  intimate  and 
positive  contact  with  the  coils.  The  wire  composing  the  coils  is 
about  0.046  inches  in  diameter  so  that  coils  such  as  have  been  de- 
scribed present  a  considerable  surface,  and  quite  efficiently  baffle  the 
steam  passing  up  through  the  24  ^-inch  holes  in  the  soapstone  support. 

25  After  a  sufficiently  extended  study  had  been  made  with  the 
assistance  of  the  glass  outlet  nozzle  to  render  the  determination  of 
the  saturation  condition  possible  and  positive,  the  glass  was  no  longer 
used,  and  the  apparatus  was  arranged  and  fitted  up  successively 
in  the  various  ways  shown  in  the  sketches  on  Fig.  9,  10,  11  and  12. 

METHODS  BY  WHICH  THE  EESULTS  WERE  OBTAINED  AND 
CORROBORATED 

26  The  whole  operation  of  dr3dng  the  steam  preparatory  to  evapo- 
rating it,  and  of  superheating  it  to  some  desired  temperature  above 
that  of  saturation  is  done  in  the  one  calorimeter,  shown  in  Fig.  3, 
and  the  temperatures  are  all  read  by  means  of  one  thermo-j  unction 
shown  at  E  F.  The  apparatus  thus  consists  essentially  of  one  calorim- 
eter, one  thermometer,  a  source  of  steam  and  a  source  of  heat  in 
the  form  of  electrical  energy.  It  has  been  only  through  the  discard- 
ing of  one  piece  of  apparatus  after  another,  doing  away  with  prelim- 
inary superheating,  that  the  degree  of  uniformity  shown  by  the  curves 
has  been  made  possible  of  attainment. 

27  Briefly,  the  method  used  is  as  follows:  All  conditions  having 
been  arranged  so  that  they  can  be  controlled,  thus  providing  for 
practically  absolute  steadiness  of  steam  pressure,  voltage  and  steam 
supply,  steam  is  started  through  the  calorimeter  and  the  whole  sys- 
tem is  allowed  to  run  for  several  hours  before  taking  readings.  When 
finally  steady  conditions  have  been  obtained,  steam  of  a  certain  qual- 
ity is  entering  the  calorimeter.  Electrical  energy  is  introduced  suffi- 
cient to  dry  this  steam  as  indicated  by  the  thermo-j  unction  in  the 
calorimeter.  Any  change  in  quality  is  at  once  indicated  by  tempera- 
ture change  as  previously  described.  Standard  conditions  having 
been  obtained — that  is,  a  given  quantity  of  steam  passing  through  the 
calorimeter  per  unit  of  time  and  receiving  just  enough  electrical 
energy  to  dry  it  and  thus  bring  it  up  to  the  "standard"  or  dry  steam 
condition;  then  enough  more  electrical  energy  is  added  to  raise  the 
temperature  of  the  steam  through  a  given  range,  either  20,  40,  60,  80, 
100  or  150  degrees  cent,  corresponding  to  36,  72,  108,  144,  ISO  and  270 
degrees  fahr.  respectively. 
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28  The  energy  required  to  produce  this  rise  of  temperature  having 
been  noted,  the  initial  standard  (dry  and  saturated)  conditions  are 
gone  back  to  by  dropping  out  the  energy  introduced  to  give  the  range 
of  temperature.  This  forms  a  check  on  the  constancy  of  the  stand- 
ard condition.  From  these  data  specific  heats  including  radiation 
from  the  instrument  are  calculated  for  the  various  pressures  and  tem- 
perature ranges  employed. 

THE    QUESTION    OF   CONDUCTION    AND    RADIATION    LOSSES    FROM   THE 

CALORIMETER 

29  To  minimize  conduction  losses  the  calorimeter  is  connected  to 
the  piping  leading  to  and  from  it  by  means  of  a  thin  steel  tube,  turned 
to  approximately  ^  inch  outside  diameter  and  bored  yV  inch  inside. 

30  To  obtain  a  measure  of  the  heat  actually  entering  the  steam 
entirely  apart  from  radiation  losses,  and  in  order  to  verify  the  results, 
two  independent  methods  were  employed,  and  two  independent 
sets  of  tests,  each  covering  the  entire  field,  were  made  as  described 
below.     Par.  31-39  describes  the  first  method. 

METHOD    NO.    1 

31  The  first  set  of  tests  was  made  with  the  calorimeter  simply 
lagged  with  magnesia  sectional  covering,  as  shown  on  Fig.  11.  The 
whole  range  of  pressures  and  temperatures  was  investigated  with  this 
arrangement.  Then  to  find  the  radiation  losses,  the  same  experi- 
ments were  repeated  with  the  steam  going  through  two  calorimeters, 
exactly  alike,  and  in  series  as  shown  in  Fig.  4,  and  in  sketch  on  Fig.  12, 
so  that  there  was  twice  the  radiating  surface  exposed  to  superheated 
steam  in  the  second  case  that  there  was  in  the  first.  It  of  course 
required  more  energy  to  produce  the  same  temperature  with  twice  the 
radiating  surface,  than  it  required  with  the  original  single  calorimeter. 
Fig.  4,  shows  the  arrangement  of  the  calorimeters  during  runs  in 
which  the  normal  radiating  surface  was  doubled.  The  legend  accom- 
panying the  figure  explains  the  reasons  for  the  arrangement  employed. 

32  The  curves  for  single  or  "normal"  radiation  are  shown  on 
Fig.  11,  and  for  double  or  "twice  the  normal"  on  Fig.  12.  These 
runs  were  made  from  7  pounds  absolute  to  300  pounds  absolute, 
while  the  subsequent  runs,  by  the  second  method,  were  made  from 
7  pounds  absolute  to  500  pounds  absolute.  The  same  degrees  of 
superheat  were  used  in  the  two  cases. 

33  The  difference  in  energy  required  to  produce  the  same  tem- 
perature difference  in  the  two  sets  of  experiments,  is  equal  to  the 
radiation  loss.    The  results,  after  deducting  radiation  losses,  are 
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shown  in  Fig.  13,  on  which  both  constant  temperature  and  constant 
pressure  curves  are  drawn. 

34  From  the  constant  pressure  curves  the  true  specific-heat  may  be 
found  as  well  as  the  mean  specific-heat.  On  Fig.  14,  are  given  the 
three  sets  of  curves  showing  the  watts  required  per  pound  steam  for 
the  various  temperature  ranges,  including  respectively  twice  the  nor- 
mal and  the  normal  radiation  losses,  and  also  the  watts  required  after 
deducting  the  radiation  losses.  The  process  will  be  made  clearer  by 
a  reading  of  the  following  outline. 

METHOD    OF    MAKING    CALCULATIONS. 

35  Let  Wi  =  weight  of  dry  steam  flowing  per  hour,  in  pounds; 

Wj  =  weight  of  superheated  steam  flowing  per  hour,  in 

pounds; 
El   =  watts  required  to  dry  W^  pounds  steam  per  hour; 
Eg    =  watts  required    to  dry  and    superheat  Wj  pounds 

steam  per  hour  through  T  degrees; 
S    =  watts  required  to  superheat  1  pound  per  hour  through 
T   degrees. 

36  Calculations  including  single  radiation,  that  is,  radiation  from 
one  calorimeter.  Let  Si  watts  be  required  to  superheat  1  pound 
steam  per  hour  through  T  degrees  including  the  watts  radiated  by 
the  superheated  steam 

37  Double  radiation  Let  Sj  watts  be  required  to  superheat  1 
pound  per  hour  through  T  degrees  when  the  steam  is  exposed  to 
double  radiation  as  shown  in  Fig.  4. 

Then,  if  S  equal  the  watts  actually  going  into  the  steam  per 
pound  to  raise  its  temperature  T  degrees. 
When  steam  is  exposed  to  single  radiation 

Si  =  S  +  Radiation,  or  2Si  =  2S  +  2R 
When  steam  is  exposed  to  double  radiation 

S2  =  S  +  2Radiation,  or  83  =  S  +  2R 
Subtracting,         2Si  -  Sj  =  S 

38  Since  1  watt  hour  =  3.412  B.t.u.,  the  heat  units  required  to 
raise  one  pound  of  steam  through  T  degrees  =  3.412  S,  and  the 
mean  specific  heat  over  that  range  of  temperature  is 

3.412  S 
Cp=       7i7— 
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39  A  study  of  the  curves  will  show  how  important  a  feature  the 
radiation  from  the  calorimeter  proved  to  be.  Roughly,  it  varied  from 
12  per  cent  of  the  electrical  energy  introduced  at  low  temperatures  and 
pressures,  to  about  25  per  cent  at  high  temperatures  and  pressures. 

SF.COND    METHOD 

40  It  now  remains  to  be  shown  how  the  results  just  described 
were  verified  by  an  entirely  different  method  of  deahng  with  radiation, 
first  by  greatly  reducing  radiation,  and  making  a  complete  series  of 
tests.  Second,  by  making  the  nearest  possible  approach  to  eliminat- 
ing radiation  and  making  another  complete  series  of  tests. 

41  The  reduction  of  radiation  was  accomplished  by  lagging  con- 
sisting of  two  cylindrical  silver-plated  and  polished  copper  cans, 
placed  concentrically  over  the  calorimeter  as  shown  on  Fig.  10. 
The  cans  rested  upon  a  flat  foundation  of  asbestos  plastic,  and  the 
outer  can  was  lagged  with  the  same  material.  An  air  space  thus 
existed  between  the  calorimeter  and  the  inner  can,  and  one  between 
the  two  cans  themselves.  The  silvered  and  polished  surfaces  of  the 
cans  were  for  the  purpose  of  reflecting  the  heat  which  tended  to  pass 
through  the  air  spaces. 

42  The  result  of  the  use  of  this  lagging  was  the  almost  complete 
prevention  of  radiation.  As  an  evidence  of  this  the  hand  could  be 
comfortably  held  on  any  part  of  the  lagging  even  when  the  tempera- 
ture in  the  calorimeter  was  750  fahr.  The  curves  obtained  from  this 
series  of  tests  are  shown  on  Fig.  10,  and  also  by  the  broken  hues  on 
Fig.  15,  where  comparative  results  are  shown.  By  inspection  of  the 
curves  on  Fig.  15  it  will  be  noted  that  the  radiation  varied  from 
about  1  to  4  per  cent  at  low  temperatures,  to  about  2^  to  5  per 
cent  at  high  temperatures,  the  increase  being  with  increase  of  pres- 
sure in  all  cases,  as  well  as  with  increase  of  temperature. 

43  Finally,  a  coil  of  resistance  wire  was  introduced  in  the  space 
between  the  two  cans,  as  shown  on  Fig.  9,  and  a  thermometer  was 
used  to  ascertain  the  temperature  resulting  from  passing  current 
through  this  coil.  A  complete  series  of  tests  was  again  made  during 
each  of  which  the  air  jacket  space  between  the  two  cans  was  main- 
tained at  a  temperature  equal  to  that  to  which  the  steam  was  being 
superheated  in  the  calorimeter.  The  results  are  shown  by  the  curves 
on  Fig.  9  and  in  tabular  form  in  Table  1. 

44  The  comparative  results  of  the'  tests  are  shown  on  Fig.  15. 
The  results  obtained  by  correcting  for  radiation  by  doubhng  it,  and 
those  obtained  by  eliminating  radiation  with  the  independently 
heated  air  jacket  coincide  almost  absolutely  for  temperatures  up  to 
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and  including  144  degrees  superheat.  At  180  degrees  a  little  too 
much  allowance  was  made  for  radiation,  when  working  by  the  first 
named  method  at  pressures  below  50  pounds,  and  above  that  pressure 
not  quite  enough  allowance  was  made.  The  same  is  true  in  some- 
what greater  degree  on  the  270  degree  curve.  However  the  curves 
were  intentionally  plotted  to  a  scale  so  large  as  to  exaggerate  differ- 
ences, and  it  will  be  seen  that  the  coincidence  between  the  curves 
obtained  b}^  the  two  distinctly  separate  methods,  is  very  pronounced. 
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FIG.  16     CURVES  SHOWING  RESULTS  OF  FIG  9,  TRANSFORMED  TO  BRITISH 
THERMAL  UNITS 

Further,  the  curves  obtained  with  the  independently  heated  air- 
jacket,  and  shown  in  full  lines  on  Fig.  15,  fair  up  into  one  family  when 
cross-curves  are  drawn,  (as  on  Fig.  17)  with  practically  no  deviation 
from  the  experimentally  determined  points  as  shown  on  Fig.  9. 
The  curves  on  Fig.  9  are  identical  with  those  in  full  hnes  on  Fig.  15. 
It  should  be  noticed  also  that  the  results  on  Fig.  9  are  the  most  regular 
of  all  those  obtained  in  these  experiments,  and  tliey  were  by  far  the 
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most  easily  obtained  experimentally,  because  uniform  conditions 
are  so  easily  maintained  when  the  independently  heated  air-jacket 
is  emploj^ed. 

45  The  curves  on  Fig.  15  showing  results  obtained  with  the  sil- 
vered can  insulation  but  without  introduction  of  heat  in  the  air- 
space fall  just  as  would  be  expected  with  reference  to  the  results 
shown  in  full  Hues.  That  is,  radiation  was  greatly  reduced,  almost 
completely  in  fact,  by  the  reflecting  cans  alone,  but  there  was  still 
some  heat  lost,  as  is  shown  by  the  somewhat  greater  amount  of  energy 
required  to  produce  a  given  result,  than  was  required  when  radiation 
was  eliminated.  The  difference  in  energy  required  is  seen  to  be  very 
small  at  low  temperatures,  and  increases  naturally  as  the  tempera- 
ture in  the  calorimeter  increases. 

46  The  final  results  as  given  on  Fig.  9  and  in  full  Unes  on  Fig.  15, 
have  been  transformed  from  watts  to  thermal  units  on  Fig.  16  and  17. 
From  Fig.  17  either  the  mean  specific  heat,  or  the  specific  heat  at  a 
point,  may  be  taken  off  directly.  The  upper  curves  are  simply  the 
reproduction  to  larger  scale  of  the  lower  curves  for  the  first  30 
degrees  of  superheat. 

47  The  apparatus  has  been  left  in  just  the  condition  last  described, 
with  the  independently  heated  air  jacket  within  the  silvered  copper 
cans,  and  various  corroborative  tests  have  been  made  besides  those 
presented  in  this  paper.  It  is  possible  at  the  present  time  to  repro- 
duce at  will  such  results  as  are  given  on  Fig.  9  with  the  apparatus  as 
it  now  stands. 

48  The  zero  line,  or  line  of  zero  pressure,  on  Fig.  17,  was  obtained 
by  extending  the  experimental!}^  determined  curves  on  Fig.  9  and  16 
back  to  the  line  of  zero  pressure  on  those  figures,  by  a  process  of  fair- 
ing. Since  the  experiments  included  determinations  at  7  pounds 
absolute  pressure,  the  distance  through  which  it  was  necessary  to 
extend  the  curves  was  very  small. 

49  The  curves  on  Fig.  9  were  plotted  from  the  original  data, 
which  are  given  in  full  in  Table  1. 

50  In  this  connection  it  is  of  interest  to  note  that  the  lowest  num- 
ber of  degrees  of  superheat  used  in  the  experiments  made  before  Au- 
gust 1,  1907  was  20  degrees  cent,  or  36  degrees  fahr.  It  was  later 
desired  to  corroborate  the  results  obtained  by  extending  the  curves 
on  Fig.  17  from  the  20  degrees  cent,  points  through  zero,  which  had 
been  done  by  the  process  of  fairing  the  curves,  aided  by  certain  experi- 
mentally determined  points  obtained  during  low  superheat  runs. 
Two  months  and  a  half  after  the  experimental  work  originally  con- 
templated was  finished,  it  was  decided  to  explore  the  region  of  10 
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degrees  cent,  superheat  (18  degrees  fahr.)  and  the  curve  shown  at 
the  bottom  of  Fig.  9  shows  the  results  of  these  experiments.  By 
computing  specific  heat  from  this  curve  as  reproduced  in  thermal 
units  on  Fig.  16  it  will  be  found  that  the  curves  on  Fig.  17  are  com- 
pletely checked  and  verified,  for  a  position  midway  between  zero 
degrees  superheat,  and  20  degrees  cent,  that  is,  at  10  degrees  cent. 
or  18  degrees  fahr. 

(g)      COMPARISON   OF    RESULTS    WITH   THOSE    OBTAINED    IN    VARIOUS 
OTHER    INVESTIGATIONS    OF   THE    SUBJECT 

51  That  the  specific  heat  of  steam  is  not  constant  has  been  believed 
by  physicists  and  engineers  for  some  years,  and  testimony  from  many 
sources  has  been  unanimous  in  confirming  the  belief  that  it  varies  in 
some  way;  either  with  change  of  temperature,  or  of  pressure,  or  with 
both  temperature  and  pressure. 

52  In  1904  the  writer  had  occasion  to  make  use  of  values  of  the 
total  heat  of  superheated  steam,  and  as  a  matter  of  convenience 
plotted  constant-pressure  and  constant-heat  curves  in  a  temperature- 
entropy  diagram,  using  values  for  the  specific-heat  of  superheated 
steam  such  as  had  been  published  at  various  times.  The  first  set  of 
values  used,  assumed  the  specific  heat  to  vary  with  the  pressure  only, 
the  variations  being  represented  about  as  shown  in  the  lower  right 
hand  corner  of  Fig.  19.  The  resulting  constant-heat  curves  are  shown 
by  the  broken  hues  BB.  The  values  of  constant-heat  are  seen  to 
plot  into  fairly  smooth  curves  until  the  curve  of  1250  thermal  units 
is  reached,  although  that  curve  begins  to  show  uncertainty  of  char- 
acter. As  higher  values  for  the  heat  contents  are  used,  such  as  1300, 
1350,  etc.,  the  curves  become  more  and  more  irregular,  finally  entirely 
departing  from  the  characteristics  possessed  by  the  curves  of  lower 
heat  contents.  In  other  words,  the  curves  do  not  form  a  uniform 
set,  or  family,  showing  similar  characteristics.  Examination  in  this 
manner,  of  various  results  at  that  time  available,  formed  the  initial 
step,  showing  the  necessity  for,  and  leading  on  to,  the  present  inves- 
tigation. 

53  It  should  be  said  here,  that  the  mere  fact  that  certain  values, 
assumed  to  represent  the  specific  heat  of  steam,  plot  into  smooth 
curves,  is  not  necessarily  any  indication  that  those  values  do  really 
represent  the  specific  heat  of  steam,  or  of  any  other  substance.  But 
if  any  assumed  values  of  specific  heat,  or  of  any  other  physical  charac- 
teristic in  nature,  do  not  plot  into  curves  of  a  common  family,  it  is 
highly  probable  that  the  correct  determining  coefl&cients  have  not 
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been  used.  Many  curves  however,  could  be  found  and  used  tenta- 
tively to  represent  the  variation  of  the  specific  heat,  which  would, 
for  mathematical  reasons,  modify  the  expressions  used  in  calculation 
of  the  heat-diagram  so  as  to  give  smooth  and  related  curves. 

54  For  example,  the  use  of  a  constant  value  will  give  a  family  of 
regular  constant-pressure  and  constant-heat  curves.  The  curves  AA, 
Fig.  19,  are  plotted  with  the  value  0.48,  and  are  seen  to  fall  into  a 
family  of  smooth  curves,  as  would  be  expected  from  mathematical 
considerations,  to  be  the  case  for  any  constant  value.  But,  for  the 
reasons  stated,  this  does  not  prove  that  the  actual  specific  heat  has  a 
constant  value.  Curves  CC  on  the  same  plate  show  the  results 
obtained  in  the  present  investigation  and  are  seen  to  fall  into  one 
family  maintaining  definite  and  regular  characteristics. 

55  On  Fig.  20  the  results  obtained  by  Mr.  Burgoon  with  the 
apparatus  shown  in  Fig.  1  and  2  are  plotted  in  the  lower  right  hand 
corner,  and  constant-pressure  and  constant-heat  lines  are  plotted 
for  the  superheated  region  of  a  temperature  entropy  diagram.  At 
about  1270  thermal  units  the  curves  of  constant  heat  begin  to  be 
uncertain  in  character,  and  above  that  value  they  gradually  change 
direction,  finally  assuming  entirely  different  characteristics  from  the 
lower  heat  curves. 

56  On  Fig.  18,  the  black  points  are  those  belonging  to  the  results 
of  the  present  investigation.  The  curves  marked  A,  through  them 
retain  the  same  characteristics  throughout,  even  up  to  the  highest 
temperatures  and  pressures.  The  points  for  6  and  for  15  pounds 
absolute,  at  very  high  temperatures,  are  slightly  higher  than  the 
curve  but  not  enough  to  change  its  character. 

57  The  broken  line  curves,  marked  B,  Fig.  18,  are  plotted  from 
the  results  of  the  work  of  Messrs.  Knoblauch  and  Jakob,  pubhshed 
in  the  Zeitschrift  des  Vereins  Deutscher  Ingenieure,  Vol.  51,  page  81, 1907. 
At  1250  thermal-units,  the  curve  of  constant-heat  begins  to  waver, 
but  is  almost  straight,  and  at  higher  values  the  curves  turn  down  at 
the  high  pressure  ends,  tending  to  depart  more  and  more  from  the 
family  characteristic.  This  is  largely  due  to  the  fact  that  the  curves 
of  specific  heat  as  determined  by  these  investigators  show  a  decrease 
of  the  specific  heat  with  increasing  temperature  until  a  minimum  is 
reached,  for  each  pressure,  after  which  the  specific  heat  increases  with 
increase  of  temperature.  An  increase  in  the  value  given  to  the  specific 
heat  tends  to  lower  the  curves  of  constant-heat,  because  the  greater 
the  specific  heat,  the  smaller  will  be  the  temperature  range  through 
which  it  is  necessary  to  heat  the  steam  in  order  to  give  it  a  certain 
increase  in  heat-contents. 
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FIG.   18    CONSTANT  PRESSURE  AND  CONSTANT  HEAT  CURVES:  A,  FROM  THE 
AUTHOR'S  RESULTS:  B,  FROM  RESULTS  BY  KNOBLAUCH  AND  JAKOB 
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FIG.  19     CONSTANT  HEAT  AND  CONSTANT  PRESSURE  CURVES  FORICONDITIONS 
ASSUMED  UNDER  A,  B  AND  C 
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58  On  the  other  hand,  a  continually  decreasing  specific  heat  tends 
to  keep  the  high  pressure  ends  of  the  constant-heat  curves  up  and  to 
cause  the  curves  to  remain  in  one  family.  It  will  be  apiDreciated 
readily  that  the  higher  the  temperature  and  pressure  to  which  one  is 
attempting  to  work  experimentally,  the  more  difficult  it  is  to  control 
radiation  losses.  If  these  losses  are  not  thoroughly  allowed  for  an 
experimenter  is  likely  to  arrive  at  too  high  values  for  specific  heat  in 
the  higher  temperature  ranges,  because,  due  to  unaccounted  for 
radiation  losses,  it  appears  that  more  heat  is  being  expended  to  super- 
heat the  steam  than  is  in  reality  going  into  the  steam.  The  author 
had  this  experience  in  early  investigations  and  it  is  probable  that 
it  has  been  the  common  experience  and  one  which  led  to  the  belief 
some  years  ago  that  the  specific  heat  of  steam  was  very  much  higher 
than  it  has  since  been  proved  to  be. 

59  It  will  be  noted  from  Fig.  18  that  the  constant  heat  curves, 
plotted  from  the  values  of  specific  heat  given  by  Messrs.  Knoblauch 
and  Jacob  are  in  general  quite  closely  in  agreement  with  the  results 
of  the  present  investigation  excepting  where  the  change  in  method  of 
variation  occurs,  but  the  lack  of  regularity  of  the  constant-heat  cur- 
ves plotted  from  their  results  indicates  that  the  true  law  of  variation 
of  specific  heat  is  not  expressed  by  the  curves,  for  the  entire  range  of 
temperature  covered  by  the  experiments. 

CONCLUSIONS 

a  The  specific-heat  of  superheated  steam  varies  with  both 
pressure  and  temperature.  It  increases  when  the  pres- 
sure of  the  steam  increases  and  diminishes  with  an  in- 
crease in  the  temperature. 

b  The  specific  heat  increases  and  decreases  more  rapidly  when 
near  the  saturation  point,  with  increase  of  pressure  and 
temperature,  respectively,  than  is  the  case  in  conditions 
more  remote  from  the  saturation  point. 

c  These  conclusions  apply  over  the  whole  range  covered  in 
the  present  investigation,  which  include  pressures  from 
.  seven  pounds  absolute  to  five  hundred  pounds  absolute 
per  square  inch  and  up  to  270  degrees  fahr.  superheat, 
for  all  pressures  employed.  The  values  of  the  specific 
heat  and  the  laws  of  variation  are  shown  on  Fig.  5,  6,  7 
and  8  inclusive. 

d  The  MollierHeat  Diagram,  Fig.  21,  forms  a  graphical  steam 
table,  the  superheated  region  of  which  has  been  calculated 
from  the  results  of  the  present  investigation. 
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method  of  recording  data  from  tests  and  of  making    calculations,   in 

final  experiments 

Test  on  Specfic  Heat  of  Superheated  Steam 

Test  no 

Date 19 

Pressure lb.  absolute 

Temperature  of  steam    leaving  calorimeter  cent fahr. 

Temperature  of  steam  entering  calorimeter cent fahr. 

Rise  of  Temperature  in  Calorimeter cent....» fahr. 

Time  of  ending  test hr min sec, 

Time  of  starting  test hr min sec. 

Duration  of  test hr min sec. 

Water  gage  at  end  of  test lb. 

Water  gage  at  beginning  of  test lb. 

Water  obtained  during  test lb.  when  E,  watts  are  being  introduced. 

Water  obtained  during  test lb.  when  E^  watts  are  being  introduced. 

E,  =  Watts  req'd  to  dry lb.  steam  per  hr.  =  

E2  =  Watts  req'd   to  dry  and  superheat lb.  steam  per  hr.  =  

Pounds  superheated  steam  flowing  per  hr =  W2 

Pounds  dry  steam  flowing  per  hr =  Wi 

True  amp True  Volts Watts 

Room  temp cent fahr. 

Condensed  steam  temp cent fahr.  . 

Microvolts Corresponding  temp cent fahr. 

•p 

~-  =  Watts  req'd.  to  dry  and  superheat  one  lb.  steam.  =  

"2 


=  Watts  req'd.  to  dry  one  lb.  steam  =  

W,  H  J 

S  =  — ^-=  Watts  req'd.  to  superheat  one  lb.  steam  =  

W^       W, 

60  The  writer  wishes  to  express  his  appreciation  of  the  assistance 
that  he  has  received  from  a  large  number  of  colleagues  and  workers 
in  alUed  lines,  for  without  the  cooperation  of  others  it  would  have  been 
impossible  to  carry  to  completion  the  investigation  forming  the  sub- 
ject of  this  paper.  Particularly,  the  interest  of  Mr.  E.  W.  Rice, 
vice  president  and  chief  engineer  of  the  General  Electric  Company, 
and  the  constant  interest  and  assistance  given  to  the  work  by  Dr. 
W.  R.  Whitney,  director  of  the  research  laboratory,  General  Electric 
Company,  and  that  of  Dr.  W.  D.  Coolidge  of  the  same  laboratory  have 
been  very  largely  the  sustaining  influences  throughout  the  investiga- 
tion. The  apparatus  used  in  the  experiments,  aside  from  that  fur- 
nished by  Sibley  College,  Cornell  University,  was  all  loaned  by  order 
of  the  above  named  officials  of  the  General  Electric  Company,  and  the 
author  had  frequent  occasion  to  consult  with  members  of  the  staff 
of  the  research  laboratory  regarding  the  details  of  the  work. 
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61  Through  the  influence  of  Prof.  R.  C.  Carpenter,  the  water-tube 
boiler  used  in  the  tests  was  kindly  supplied  by  the  White  Automobile 
Company  of  Cleveland,  and  to  Professor  Carpenter  and  to  Dr.  J.  S. 
Shearer  of  the  department  of  physics,  Cornell  University,  especial 
thanks  are  due  for  their  continued  interest  and  assistance  in  supply- 
ing apparatus  for  the  work. 

62  The  investigation  has  been  made  possible  by  the  support  and 
encouragement  given  by  Sibley  College,  which  has  supplied  every- 
thing needed  for  the  work  aside  from  what  has  already  been  men- 
tioned as  coming  from  outside  sources. 

63  The-  writer  has  been  especially  fortunate  in  having  the  active 
assistance  of  Mr.  C.  E.  Burgoon  and  Mr.  F.  J.  Short,  both  men  of 
mechanical  and  scientific  abilities,  who  were  elected  to  fellowships 
in  Sibley  College  during  the  years  1905-1906  and  1906-1907  respec- 
tively, and  who  came  prepared  by  experience  obtained  in  active 
engineering  positions  for  the  purpose  of  doing  advanced  research 
work  in  mechanical  and  electrical  engineering.  Mr.  Burgoon's  work 
has  already  been  referred  to  in  the  body  of  the  article  as  of  great  assist- 
ance in  developing  the  apparatus  and  methods  employed.  Mr. 
Short  came  into  the  work  when  the  reconstruction  of  the  entire  appa- 
ratus was  in  hand  and  by  most  persistent  and  intelligent  attention  to 
details  was  very  helpful  in  bringing  the  apparatus  to  its  present  state 
of  completeness  and  ease  of  operation.  Mr.  Short  operated  the  appa- 
ratus during  the  past  year  1906-1907  with  great  skill  and  care  and  to 
his  work  is  largely  due  the  regularity  of  the  results  obtained.  He  has 
been  of  great  assistance  also  in  the  preparation  of  the  curves  as 
presented  in  this  paper. 

64  In  closing  the  writer  wishes  to  refer  again  to  the  methods  used 
before  he  began  his  investigations,  because  he  feels  that  he  owes  a 
debt  of  gratitude  to  the  men  who  tried  them  out,  unsatisfactory 
though  they  proved  to  be.  They  enabled  him  to  begin  at  a  point 
much  farther  along  than  would  have  been  otherwise  possible.  Par- 
ticularly of  value  in  this  respect  was  the  work  carried  on  through  a 
period  of  several  years  in  Sibley  College  under  the  direction  of  Pro- 
fessor Carpenter,  using  first  the  method  of  expanding  into  a  throttling 
calorimeter,  then  of  heating  by  gas,  and  lastly,  of  heating  electrically, 
according  to  the  method  first  tried  by  the  writer.  While  all  of  these 
methods  were  discarded  by  the  writer  as  unreliable,  they  formed 
a  stepping  stone  from  which  he  was  able  to  work  toward  satisfactory 
results.  Those  results,  therefore,  he  presents  as  the  fruit  not  only 
of  his  own  final  method  but  of  all  who  worked  before  him. 
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DISCUSSION 

Prof.  C.  H.  Peabody*  It  gives  me  great  pleasure  to  express  ray 
high  appreciation  of  the  importance  of  the  experimental  work  pre- 
sented by  Professor  Thomas  to  this  Society  and  to  the  engineering 
profession  in  his  paper  on  "The  Specific  Heat  of  Superheated 
Steam." 

2  The  importance  of  setthng  the  vexed  question  of  the  specific 
heat  of  superheated  steam  is  so  well  understood,  and  the  sufficiency  of 
the  methods  used  by  Professor  Thomas  are  so  evident  from  his  presen- 
tation that  it  is  not  necessary  to  enlarge  on  the  subject.  Rather  I 
will  proceed  at  once  to  show  what  use  I  have  myself  made  of  his 
results,  more  especially  as  I  believe  this  will  put  in  evidence  the  advan- 
tages that  the  profession  can  derive  from  his  labors  and  the  reliance 
that  can  be  placed  on  his  work. 

3  Early  in  the  summer  Professor  Thomas  sent  me  photographic 
prints  of  curves  showing  results  of  experiments  on  the  specific  heat 
of  superheated  steam  made  under  his  direction  and  incorporated  in 
the  graduation  thesis  of  Mr.  Short.  These  curves  gave  the  mean 
specific  heats  in  each  instance  at  a  certain  pressure,  between  the  tem- 
perature at  saturation  and  a  series  of  higher  temperatures.  For  my 
purposes  I  desired  also  to  know  the  specific  heat  at  those  several 
points,  which  properly  could  be  determined  from  Mr.  Short's  curves 
by  differentiation.  The  curves  thus  obtained  were  faired  by  cross- 
curves  which  had  the  effect  of  distributing  accidental  error  both  of 
experiment  and  of  the  graphical  operations.  A  great  advantage  of 
this  operation  was  that  it  gave  means  of  making  a  direct  comparison 
with  the  very  important  investigations  by  Knoblauch  and  Jakob 
recorded  in  the  Mitteilungen  uber  Forschungsarbeiten,  etc.,  Heft  36, 
p.  109.  Fig.  1  shows  the  result  of  this  method  of  comparison  at  the 
pressure  of  100  pounds  absolute.  The  apparent  discrepancy  is  due, 
in  part,  to  the  relatively  large  scale  of  the  ordinates;  it  will  be  shown 
presently  that  the  apparent  discrepancy  may  properly  be  considered 
as  in  reality  a  good  check  on  the  results  by  two  radically  different 
methods. 

4  A  criticism,  favorable  or  otherwise,  of  their  work  would  be  out 
of  place  here,  but  it  may  be  proper  to  say  that  they  appeared  to  have 
some  difficulty  in  maintaining  constant  pressures  over  the  very  large 
periods  of  time  required  for  their  experiments,  and  that  the  distri- 
bution of  points  oh  their  diagrams  appears  to  show  that  an  allowable 

'Professor  of  Engineering,  Massachusetts  Institute  of  Technology. 
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latitude  in  drawing  their  curves  would  have  made  them  approach 
nearer  to  those  I  have  derived  from  Professor  Thomas's  work.  It 
is  much  to  be  regretted  that  their  apparatus  did  not  allow  them  to 
go  above  eight  atmospheres  or  about  113  pounds  absolute. 

5  There  are  two  important  properties  that  may  be  computed  from 
the  specific  heat  of  superheated  steam,  namely,  the  heat  required  to 
superheat  the  steam,  and  the  increase  of  entropy  due  to  superheat- 
ing.    The  first  may  be  represented  by 


Jcp  dt, 


and  the  second  by  the  expression 

T 


i 


Cpdt 


De<l^rci(tl  'I   •SufDrl 


FIG.  2     DIAGRAM  SHOWING  DISCREPANCY  BETWEEN  RESULTS  INDICATED 

IN  FIG. 1 

Here  c^  is  the  variable  specific  heat,  represented  by  curves  like  Fig. 
1,  and  T  is  the  absolute  temperature.  Both  of  these  results  were 
obtained  for  my  purposes  by  aid  of  a  large  integraph  which  was 
carefully  tested  and  found  to  be  both  dehcate  and  accurate. 

6  To  get  the  heat  required  to  superheat  the  steam  it  was  suffi- 
cient to  run  the  instrument  over  curves  like  those  in  Fig.  1,  drawn  to 
a  large  scale.  Our  diagrams  easily  gave  an  accuracy  of  a  single 
thermal  unit.     To  get  the  increase  of  entropy  due  to  superheating, 

the  function  ^  was  computed  for  a  sufficient  number  of  temperatures 

and  a  new  series  of  curves  was  drawn.  Running  the  integraph  over 
these  curves  gave  the  desired  property. 
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7  To  show  the  practical  effect  of  the  discrepancy  between  the 
results  obtained  by  Professor  Thomas  and  by  Knoblauch  and  Jakob, 
a  curve  of  the  nature  just  described  was  determined  from  the  tests  of 
the  latter  at  100  pounds  absolute  and  integrated  in  the  same  way. 
A  small  section  of  the  two  curves  is  shown  in  Fig.  2,  drawn  to  a  large 
scale,  at  the  maximum  deviation.  This  maximum  deviation  is  0.004 
of  a  unit  of  entropy,  the  entropy  due  to  superheating  from  Professor 
Tliomas'  work  being  0.121;  but  this  increase  of  entropy  in  practice 
is  always  used  in  conjunction  with  the  entropy  of  the  liquid  and  the 
entropy  of  vaporization,  which  quantities  at  100  pounds  are  0.47- 
43  and  1.1227  respectively;  the  total  increase  above  freezing  point  is 
consequently  1.5970,  and  it  is  with  this  latter  quantity  that  the  dis- 
crepancy should  be  compared.  Such  a  comparison  shows  that  the 
discrepancy  amounts  to  one  in  four  hundred,  which  must  be  consid- 
ered to  be  eminently  satisfactory.  It  should  be  specifically  stated 
that  I  am  not  attributing  such  a  degree  of  error  to  Professor  Thomas' 
work  which  must  be  judged  by  itself,  and  which  needs  no  commen- 
dation from  me. 

8  If  it  be  permitted,  I  would  hke  to  state  the  purpose  I  had  in 
view  in  my  use  of  Professor  Thomas'  work,  which  was  the  prepara- 
tion of  a  temperature-entropy  table  which  should  give  the  properties 
of  steam,  both  saturated  and  superheated,  at  each  degree  fahrenheit 
from  80  to  420,  and  at  each  hundredth  of  a  unit  of  entropy. 

9  The  properties  given  in  the  table  are: 

a  The  quality.  For  saturated  steam  this  is  usually  repre- 
sented by  Xi  and  is  that  proportion  of  the  mixture  which 
is  steam.  For  superheated  steam  it  signifies  the  super- 
heating. 

b  The  heat  contents.  Using  r  and  q  to  represent  the  heat  of 
vaporization  and  the  heat  of  the  liquid,  and  Cp  for  the 
specific  heat,  this  property  is  represented  by 

X  r  +  q    for  saturated  steam 

xr  +  q  +  \  Cpdt  for  superheated  steam. 

c  The  specific  volume.  This  table  was  made  primarily  for  our 
own  use  at  the  Massachusetts  Institute  of  Technology, 
especially  for  teaching  turbine  design,  and  it  is  hoped 
that  it  will  prove  useful  to  others. 

Mr.  J.  A.  MoYER  Professor  Thomas'  values  for  the  mean  specific 
heat  of  superheated  steam  at  constant  pressure,  as  now  reported,  agree, 


THE    SPECIFIC    HEAT   OP   SUPERHEATED    STEAM  1061 

in  some  cases,  almost  exactly  with  those  of  Knoblauch  and  Jakob.  I 
have  prepared  typical  curves  showing  comparative  values  and  find 
for  superheats  less  than  270  degrees  fahrenheit,  and  pressures  ranging 
from  100  pounds  per  square  inch  to  200  pounds  per  square  inch,  where 
the  specific  heat  of  superheated  steam  at  constant  pressure  enters 
as  a  factor,  engineers  may  adopt,  without  appreciable  error,  either 
set  of  results.  These  remarks,  it  should  be  noted,  are  intended  to 
apply  only  to  the  mean  specific  heat  values. 

2  Marked  differences,  not  so  much  in  actual  values  as  in  shape  of 
curves,  are  observed  between  the  curves  of  Knoblauch  and  Jakob, 
and  those  given  by  Professor  Thomas  above  250  degrees  fahr.  super- 
heat. Professor  Thomas'  values  are  represented  by  practically 
straight  lines  with  constantly  decreasing  values  in  the  region  of  high 
superheats,  while  curves  of  mean  superheat  prepared  by  others,  as 
those  by  Sugden  from  Knoblauch  and  Jakob's  results  give  minimum 
values  at  from  200  to  400  degrees  fahr.  superheat,  depending  on  the 
pressure.  We  have  no  means  of  knowing  definitely  which  results  are 
the  more  nearly  correct,  but  as  this  is  a  disputed  point,  referred  to 
by  Professor  Thomas  in  his  paper,  I  wish  to  add  something  that  to 
me  appears  to  be  very  significant. 

3  I  have  shown  in  calculations,  published  in  the  London  Mechan- 
ical Engineer,  of  August  24,  1907,  involving  the  impulse  force  of  jets  of 
superheated  steam  and  using  most  recent  and  reliable  data  for  the 
flow  of  superheated  steam  in  nozzles,  that  the  specific  heat  at  constant 
pressure  has  a  minimum  value.  In  other  words,  this  evidence  con- 
firms the  observations  of  Knoblauch  and  Jakob,  that: 

a  Values  of  the  specific  heat  of  superheated  steam  at  constant 
pressure  have  a  minimum  value  for  any  given  pressure; 
and 

b  That  if  the  temperature  is  increased  beyond  that  correspond- 
ing to  the  minimum,  values  of  the  specific  heat  are 
increased. 

4  It  is  also  observed  that  if  Professor  Thomas'  300  pound  line  of 
true  specific  heat  is  extended  in  the  direction  he  has  dr^wn  it,  we 
shall  have  at  600  degrees  fahr.  of  superheat  a  remarkably  low  value 
of  about  0.45. 

5  For  the  values  of  the  specific  heat  of  superheated  steam  at 
high  pressures,  the  values  of  Knoblauch  and  Jakob  agree  much 
better  with  those  of  other  recent  observers  including  Callendar,  Linde, 
and  Lorenz  than  with  those  of  Professor  Thomas. 
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Finally,  I  may  summarize: 

a  That  the  results  given  in  this  paper  may  be  accepted  by 
engineers  generally  for  pressures  from  100  pounds  to  200 
pounds  per  square  inch  without  serious  error. 

b  That  compared  with  the  results  by  other  experimenters  the 
results  for  high  pressures  apparently  are  not  so  well 
established. 

c  That  because  very  high  temperatures  and  superheats  above 
270  fahr.  were  not  included  in  these  data,  they  can 
scarcely  be  used  to  prove  that  the  specific  heat  does  not 
reach  a  minimum  value,  as  shown  by  the  very  careful 
work  of  other  experimenters. 

Mr.  a.  R.  Dodge  The  paper  by  Professor  Thomas  shows  a  marked 
advance  in  the  method  of  determining  c^  by  electrical  methods. 
There  are  several  points  concerning  which  the  writer  is  in  doubt  which 
can  probably  be  explained  by  the  author. 

2  Referring  to  Par.  52  and  Fig.  19,  it  should  be  noted  that  the 
values  of  total  heat  for  saturated  steam  are  from  steam  tables.  These 
values  are  not  thought  to  be  sufficiently  accurate  to  determine  the 
constant  heat  curves  BB.^  As  a  slight  error  in  the  total  heats  of  satu- 
rated steam  causes  a  marked  change  in  the  characteristics  of  these 
constant  heat  curves,  irregularities  in  the  curves  BB,  Fig.  19,  are  not 
conclusive.  Even  if  we  assume  the  values  of  total  heat  from  steam 
tables  to  be  correct,  the  black  points  mentioned  in  Par.  36  show 
reversed  curvature  at  high  total  heats. 

3  It  is  not  clear  whether  the  cold  end  of  the  thermo  couple  was 
kept  at  exactly  constant  temperature.  Similar  measurements  of 
steam  temperature  by  the  writer  show  errors,  unless  each  element  of 
the  thermo  couple  extends  in  one  piece  to  the  cold  end,  or  unless  the 
junctions  between  the  couples  and  the  extension  piece  to  the  cold  end 
are  sufficiently  remote  to  prevent  heat  reaching  them  from  the  hot 
end  by  conduction. 

4  Taking  the  mean  values  of  Cp2  at  15  lb.   absolute,  given  by 

Professor  Thomas  for  different  degrees  of  superheat  in  Fig.  7,  and 

c  1 
multiplying  these  values  by  the   ratios         =  tan.  a  found  by  the 

writer  between  590  lb.  absolute  and    15   lb.    absolute,   we  obtain 
mean  values  of  c^i  for  590  lb.  absolute.     These  are  compared  in  the 

^Peake,  Proceedings  of  Royal  Inst.,  June  28,  1905,  p.  201.  Denton,  Stevens 
Indicator,  October  1905,  p.  383. 
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TABLE  NO.  1 
CouPABisoN  OP  Specific  Heats  ax  the  Same  Total  Heat 


6 

1 

2 

3 

4 

5 

Mean  Cp  values 

Total  heat 
value 

Superheat  at 
15  lb.  abs. 

Mean  Cp  at  15 
lb.  abs.,  Thomas 

Corresp.  super- 
heat at  590  lb. 

Mean  Cp  at 
590  lb.  abs., 

substituting  Col. 
3  (Cp^)  in  equa- 
tion 

using    throt- 
tling calorime- 

Thomas 

^:  =  tan.  a 

ter 

Cp,. 

A 

0 

.657 

B 

25 

.559 

C 

50 

.530 

D 

100 

.507 

E 

150 

496 

17 

.691 

.682 

F 

200 

.491 

55 

.635 

.676 

G 

250 

.487 

92 

.613 

.670 

H 

300 

.485 

129 

.598 

.667 

I 

350 

.483 

169 

.586 

.665 

TABLE  NO.  2 
COMPARISON  OF  Specific  Heats  at  the  Same  Superhb.at.     Derived  from  Table  No.  1 


1 

2 

3 

4 

Superheat  deg.  fahr. 

Mean  Cp  values  15  lb. 
abs.,  Thomas 

Mean  c^  values  590 
lb.  abs.,  Thomas 

Mean  Cp  values  substi- 
tuting Col.  2  (Cp2)    in 

equation  c^ 

—'  =  tan.  a 

0 

.657 

.840 

.686 

50 

.530 

.6.39 

.677 

100 

.507 

.609 

.670 

150 

.496 

.591 

.666 

200 

.491 

.578 

.663 

250 

.487 

.567 

.661 

300 

.485 

.559 

.660 

preceding  tables  with  the  values  determined  by  Professor  Thomas 
and  are  seen  to  differ  considerabl}'. 

5  The  radical  difference  between  the  present  values  of  Cp  given  by 
Professor  Thomas  and  those  published  by  Professor  Carpenter  in 
November  1906/  using  the  same  general  method,  as  well  as  the 
marked  discrepancy  between  all  authorities,  emphasizes  the  desirability 


'  Steam  Plant  of  the  White  Motor  Car,  Vol.  2S  Trans.  A.S.M.E, 
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of  a  thorough  investigation  of  the  specific  heat  of  steam  by  this 
Society  which  should  include  a  complete  revision  of  the  steam 
tables. 

Dr.  Sanford  A.  Moss  Professor  Thomas  is  to  be  congratulated 
on  the  completion  of  this  work  over  which  he  has  been  engaged  so 
long  and  patiently.  I  understand  this  is  a  final  announcement 
of  the  work,  superseding  previous  preUminary  reports.  The  follow- 
ing is  my  understanding  of  tlie  method  by  which  the  final  results  are 
obtained.     I  would  like  to  inquire  if  this  is  correct. 

2  Fig.  9  represents  the  final  set  of  experiments  practically  equiva- 
lent to  some  others  and  taken  as  exactly  representing  all  of  the  experi- 
mental work.  Fig.  16  gives  the  same  values,  with  change  of  vertical 
scale.  The  values  of  Fig.  16  for  zero  pounds  are  obtained  by  a  proc- 
ess of  fairing.  If  there  were  any  sudden  changes  in  the  laws  for 
very  small  pressures,  the  exact  intersections  with  the  axis  for  zero 
pounds  pressures  would  not  be  correct.  By  plotting  the  various 
values  given  on  a  vertical  fine  in  Fig.  16  against  temperature,  Fig. 
17  was  obtained.  The  figures  on  the  curves  in  Fig.  9  and  Fig.  16 
represent  degrees  of  superheat.  The  ordinates  of  Fig.  16  and  17 
give  total  heat  of  superheated  steam  above  saturation  point,  including 
the  actual  or  intrinsic  energy  present  in  the  steam,  as  well  as  the  exter- 
nal work  done  bj'  change  of  volume  at  constant  pressure.  Fig.  5 
and  6  are  obtained  by  drawing  tangents  to  the  constant  pressure 
curves  of  Fig.  17  or  by  some  process  equivalent  to  this,  since  it  can  be 
shown  that  specific  heat  at  some  constant  pressure  is  rate  of  change 
of  total  heat.  Fig.  7  and  8  were  obtained  from  Fig.  17  by  dividing 
ordinates  by  abscissae.  In  drawing  the  Mollier  diagram  of  Fig.  21,  I 
would  like  to  inquire  if  Professor  Thomas  has  assumed  Regnault's 
well-known  formula  for  total  heat  of  saturated  steam: 

X  =  1091.7  +  0.305  (t  -  32) 

3  I  have  heard  some  doubt  expressed  as  to  the  exactness  of  this 
formula.  As  I  understand  it.  Professor  Thomas'  experiments  do  not 
completely  give  the  total  heat  of  superheated  steam  above  water  at 
32  deg.  since  they  give  no  information  or  indication  concerning 
the  total  heat  of  vaporization,  but  only  give  total  heat  above  vapori- 
zation point. 

4  The  method  which  Professor  Thomas  uses  of  finding  specific 
heat  for  zero  pressure  indicates  that  it  is  variable.  There  are  strong, 
although  not  positive  theoretical  reasons,  for  believing  that  the  specific 
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heat  of  any  gas  at  zero  pressure  is  constant  for  all  temperatures  and 
is  equal  to  the  theoretical  value  given  by  molecular  weight  in  com- 
parison with  hydrogen.  Furthermore,  the  lowest  pressure  for  which 
Professor  Thomas  took  observations,  seven  pounds,  is  not  very  nearly 
zero  pressure. 

5  There  is  a  vast  difference  between  pressures  which  are  practi- 
cally zero  and  seven  pounds  pressure,  as  may  be  seen  from  the  corre- 
sponding differences  of  volume.  For  instance,  the  volume  at  0.07 
lb.  pressure  is  about  one  hundred  times  the  volume  at  seven  pounds 
pressure.  The  volume  at  0.0007  lb.  pressure  is  about  ten  thousand 
times  the  volume  at  seven  pounds  pressure.  It  seems  to  me  that 
vast  differences  in  total  heat  can  occur  under  such  circumstances. 

6  In  Par.  3  of  his  discussion,  Mr.  J.  A.  Moyer  makes  some  remarks 
on  calculations  of  specific  heat  of  superheated  steam  from  laws  of 
impulse  force  of  jets  of  superheated  steam. 

7  The  writer  has  done  a  great  deal  of  work  in  this  direction,  and 
has  found  that  the  impulse  force  of  a  jet  of  superheated  steam,  while 
directly  dependent  upon  specific  heat,  changes  very  little  for  different 
values  of  specific  heat.  Therefore,  a  law  for  impulse  force,  while  it 
may  be  almost  exactly  correct^  will  nevertheless  give  erroneous  values 
of  specific  heat. 

8  Laws  of  impulse  derived  from  observation  are,  of  course,  sub- 
ject to  sUght  errors  and  hence  can  never  give  reliable  values  of  spe- 
cific heat.  In  other  words,  impulse  force  is  such  a  slowly  changing 
function  of  specific  heat  that  it  is  not  legitimate  to  use  values  of  the 
function  for  exact  determination  of  specific  heat. 

9  Computations  in  the  inverse  way;  that  is,  calculation  of  impulse 
force  laws  from  values  of  specific  heat,  show  that  wide  differences  in 
specific  heat  give  insignificant  changes  (within  the  hmit  of  observa- 
tional errors)  in  impulse  force  laws.  Hence  conclusions  regarding 
specific  heat  derived  from  impulse  laws  cannot  be  depended  upon. 

Mr.  J.  A.  Moyer  Dr.  S.  A.  Moss  criticises  the  statement  which 
I  made  in  my  previous  discussion  that  calculations  based  on  the  laws 
of  impulse  force  of  jets  and  the  flow  of  superheated  steam  from  nozzles, 
as  published  in  my  paper  in  the  Mechanical  Engineer,*  showed  that 
the  specific  heat  of  superheated  steam  at  constant  pressure  has  mini- 
mum values. 

2  In  bringing  into  the  discussion  the  probable  value  of  experimental 
data  of  impulse  force,  he  opens  up  a  subject  which  we  have  often  dis- 

*  Mechanical  Engineer,  Manchester,  England,  Aug.  24,  1907,  p.  276-278. 
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cussed  before  and  about  which  we  are  agreed.  In  the  article  which 
he  criticises,  I  stated  plainly  that  the  results,  so  far  as  they  related  to 
impulse  force,  were  not  based  on  experimental  data,  "but  on  purely 
thermodynamic  relations." 

3  Even  if  experimental  work  on  the  impulse  force  of  jets  cannot  be 
used  to  determine  an}i:hing  regarding  the  specific  heat  of  superheated 
steam,  it  does  not  show  that  deductions  from  laws  of  impulse  force 
obtained  by  other  methods;  or  by  calculations  from  accepted  thermo- 
dynamic relations  are  not  vahd. 

4  In  my  general  conclusion  that  the  specific  heat  of  superheated 
steam  has  minimum  values,  I  am  supported  by  the  arguments  of 
Professor  Heck'  in  his  paper  on  The  Thermal  Properties  of  Super- 
heated Steam,  presented  at  the  Detroit  Meeting. 

The  Author  The  following  statements  are  given  in  answer  to 
some  questions  in  the  foregoing  discussion. 

2  The  values  given  by  the  curves  of  total  heat  of  superheated 
steam  include  the  total  heat  of  saturated  steam  as  found  in  the  ordi- 
nary steam  tables  based  upon  Regnault's  determinations.  It  is 
highh'  desirable  that  new  determinations  of  heat  of  vaporization 
should  be  made,  in  order  to  test  the  accuracy  of  existing  data. 

3  In  measuring  steam  temperatures,  the  cold  end  of  the  junction 
was  kept  in  melting  ice,  in  a  Dewar  bulb,  the  other  end  was  intro- 
duced directly  into  the  steam,  as  shown  in  Fig.  3,  at  E. 

4  Fig.  5,  6,  7  and  8  indicate  that  the  specific  heat  becomes  prac- 
tically constant  at  zero  pressure,  as  suggested  by  Dr.  Moss,  excepting 
near  the  saturation  point. 

5  Fig.  9  is  to  be  regarded  as  representing  the  culminating  and  final 
results  of  these  experiments.  A  study  of  ^ig.  10  to  15  will  show  that 
the  experiments  there  represented  were  made  before  those  repre- 
sented in  Fig.  9,  and  while  less  regular  than  the  latter,  are  corrobora- 
tive in  all  respects  of  the  final  results  in  Fig.  9.  By  the  time  the 
experiments  recorded  in  Fig.  9  were  made  the  apparatus  had  been 
perfected  to  such  an  extent  and  such  skill  in  operation  had  been 
attained,  that  the  curves  given  in  Fig.  9  could  be  experimentally 
reproduced  at  will,  and  the  same  results  obtained  time  after  time. 
The  introduction  of  the  independently  heated  air  jacket  as  a  heat 
insulation  about  the  calorimeter  proved  to  be  the  last  step  required 
in  order  to  obtain  the  regular  results  shown  in  Fig.  9. 

6  In  all  specific  heat  of  steam  experiments  with  electrically 
heated  calorimeters,  of  which  the  writer  has  knowledge,  with  the 

1  Proceedings,  May,  1908,  p.  543-545. 
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exception  of  those  which  yielded  the  results  given  in  this  paper,  the 
question  as  to  the  external  work  done  by  the  steam  in  expanding 
through  a  calorimeter  has  required  consideration.  This  was  true  of 
the  first  experiments  made  by  the  writer,  but  the  difficulty  of  deaUng 
satisfactorily  with  tliis  question  led  to  the  method  finally  adopted, 
of  using  only  one  thermometer,  in  a  fixed  position,  upon  which  both 
initial  and  final  temperatures  were  measured.  The  method  of  doing 
this  is  described  in  Par.  21  to  28. 

7  The  slightest  change  in  the  quality  of  the  steam  entering  the 
calorimeter  is  detected  with  ease,  as  described  in  the  paper.  A  con- 
stant weight  of  steam  is  passing  per  unit  of  time,  and  being  dried  and 
then  superheated  to.  a  given  temperature  by  a  constant  electrical 
input  of  energy.  If  the  amount  of  evaporation  required  varies  in 
the  shghtest  degree  the  temperature  to  which  superheating  takes 
place  changes  with  the  change  in  quality.  The  question  of  initial 
quahty  of  the  steam  is  thus  effectually  disposed  of. 

8  The  method  of  making  computations  from  the  data  given  in 
Table  1  is  fully  set  forth  in  Par.  59..  These  computations  have  been 
made  with  the  greatest  care,  have  been  repeatedly  checked  and  tht 
results  plot  into  the  smooth  curves  shown  in  Fig.  9. 

9  A  careful  reading  of  the  paper  will  show  the  relation  between 
the  curves  in  Fig.  10  to  14,  and  Fig.  9,  and  the  value  of  Fig.  10  to  14, 
in  corroborating  the  curves  in  Fig.  9. 

10  The  writer  trusts  that  this  closure  will  answer  the  most  impor- 
tant of  the  questions  which  have  been  asked  concerning  the  paper. 
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DESIGN  OF  ENGINES  FOR  THE  USE  OF  HIGHLY 
SUPERHEATED  STEAM 

By  max  E.  R.  TOLTZ,  ST.  PAUL,  MINN. 
Member  of  the  Society 

The  value  of  superheated  steam  and  the  difficulties  encountered  in 
the  installation  of  superheaters  in  stationary  steam  plants  can  be 
understood  more  readily  by  indicating  in  a  brief  way  the  difference 
between  superheated  and  saturated  steam. 

2  Saturated  steam  is  steam  generated  in  the  steam  or  water 
space  of  the  boiler  from  which  in  such  condition  with  certain  tensions 
no  heat  can  be  abstracted  without  a  percentage  of  condensation. 

3  Superheated  steam  is  a  gas  which  can  be  expanded  adiabat- 
ically  to  its  saturation  temperature  without  being  Uquefied. 

4  Loss  of  heat  in  the  pipes  from  the  boiler  to  the  steam  engine 
and  in  the  steam  engine  itself  is  unavoidable,  and  therefore  a  certain 
part  of  the  saturated  steam  will  condense  in  those  places.  This  con- 
densation will  be  in  proportion  to  the  moisture  contained  in  the  steam. 
The  condensed  steam  not  only  does  no  work,  but  acts  as  a  hindrance 
in  the  steam  cylinder.  On  the  other  hand  if  the  steam  is  superheated 
every  particle  of  water  contained  in  the  wet  steam  will  be  evaporated. 

5  By  superheating  the  steam  200  degrees  fahr.  above  its  tem- 
perature, its  volume  increases,  owing  to  pressure,  about  25  per  cent, 
which  augmentation  not  alone  gives  more  steam,  but  also  reduces 
the  influence  of  clearance  in  the  cylinder,  because  superheated  steam 
is  more  elastic  than  saturated  steam. 

6  Wilhelm  Schmidt,  the  well  known  German  engineer,  has  found 
the  best  way  for  the  production  of  this  highly  superheated  steam  and 
he  was  the  first  to  design  and  build  engines  adapted  for  its  use.  The 
hope  cherished  by  Schmidt  with  the  introduction  of  superheated 
steam  was  that  by  means  of  it  the  degree  of  efficiency  of  the  "Carnot" 
cycle  could  be  attained  in  an  engnie,  but  in  the  course  of  his  experi- 

Presented  at  the  New  York  Meeting  (December  1907)  of  The  American 
Society  of  Mechanical  Engineers  and  forming  part  of  Volume  29  of  the  Transac- 
tions. 
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ments,  it  was  shown  that  the  practical  value  of  superheated  steam 
rested  only  on  the  fact  that  condensation  in  the  cylinder  could  be 
eliminated.  It  seems  that  these  experiments  were  not  carried  on  far 
enough,  because  according  to  Garbe  (The  Locomotives  of  the  Present, 
1906,  page  223),.  later  tests  made  by  other  authorities  mentioned 
elsewhere  in  this  article  established  quite  a  high  economy  in  heat 
units  with  the  use  of  superheated  steam,  which  is  expressed  in  the 
following  diagram: 
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Mean 

indicated 
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16.5 
74.4 
41.25 
39.4 


Tests  made 
by 


Tests  carried 
out  with 


Ripper  Same  h.  p. 

Doerfel  Same  cut-off. 

Seeman  Variable  load 

Gebr.  Sulzer  Same  i.h.p. 


7  At  any  rate,  highly  superheated  steam  having  a  temperature 
of  from  575  degrees  to  625  degrees  fahr.  should  be  used  to  secure  the 
benefit  of  steam  and  coal  saving,  but  this  can  be  accompHshed  only 
when  the  steam  engine  is  designed  for  the  high  temperatures  of  such 
steam,  and  it  will  therefore  be  necessary  to  remodel  our  present 
engines. 

8  Before  going  into  the  details  of  such  changes,  the  writer  submits 
three  tables  showing  the  steam  and  coal  economy  of  different  types 
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of  engines  with  the  application  of  superheated  steam  of  different 
temperatures.  The  results  given  were  compiled  by  Professor  Hrabak, 
Prague,  Bohemia,  and  the  writer  has  enlarged  upon  them  by  com- 
puting the  variable  cut-offs  to  maintain  the  same  power  output  with 


FIG.  2  TYPES  OF  DOUBLE  SEATED  POPPET  VALVE 

the  same  cylinder  dimensions.  Attention  is  called  to  the  low  economy 
of  fuel  saving  with  a  separately  fired  superheater  when  compared 
with  one  placed  within  the  boiler  setting'  or  what  is  known  as  the 
attached  type  of  superheater. 


FIG.  3  FOUR  SEATED  POPPET  VALVE 

9  It  is  not  in  the  province  of  this  paper  to  discuss  superheaters 
proper,  but  their  principal  feature  may  be  mentioned,  which  is  that  a 
superheater  should  transmit  the  highest  number  of  heat  units  per 
square  foot  of  heating  surface  per  hour  for  one  degree  temperature 
difference. 
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THE  DESIGN  OF  ENGINES  FOR  HIGHLY  SUPERHEATED  STEAM 

10  The  Corliss  valve  which  has  given  satisfactory  results  in  satu- 
rated steam  practice  cannot  be  applied  for  a  steam  of  very  high  tem- 
perature on  account  of  its  large  wearing  surface,  which  is  difficult  to 
lubricate  because  it  expands  by  reason  of  the  high  heat  of  the  steam 
and  gives  serious  trouble  by  sticking. 

11  It  is  generally  conceded  that  a  superheat  of  from  100  degrees 
to  120  degrees  fahr.  with  a  temperature  of  the  steam  of  not  more 
than  475  degrees  fahr.  at  the  valve  is  allowable  for  a  Corhss  valve. 
Yet  the  writer  knows  of  one  case  in  which  the  temperature  was 
497  degrees  fahr.  This  is  not  high  enough,  especially  in  high  duty 
engines,  to  obtain  high  economies;  therefore,  with  the  use  of  highly 


FIG.  4    SOLID  PISTON  VAL\^  SCHMIDT 


superheatedsteam  as  referred  to  above,  it  is  necessary  to  replace  the 
Corliss  valve  by  double  seated  poppet  valves  for  engines  of  moderate 
size  and  slow  piston  speed  and,  for  large  engines  of  high  piston  speeds, 
by  four  seated  poppet  valves.  It  is  also  advisable  to  apply  piston 
valves.  The  illustration.  Fig.  4,  shows  the  "Schmidt"  solid  piston 
valve  which  has  the  interesting  feature  of  being  jacketed  by  super- 
heated steam.  The  other  valve.  Fig.  5,  used  in  Belgium  mostly,  has 
one  solid  ring  with  several  grooves  and  small  holes  for  the  purpose  of 
leading  any  steam  that  may  leak  through  from  the  admission  side  to 
the  back  of  the  ring,  so  enabhng  it  to  act  as  a  spring  thus  giving  it 
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closer  contact.     One  or  four  of  either  type  of  valve  for  one  cylinder 
may  be  used  to  effect  the  distribution  of  steam. 

12  It  is  advantageous  to  locate  the  valves  in  the  cyhnder  heads 
in  order  to  get  a  very  plain  cyHnder  in  the  form  of  a  straight  pipe. 
The  cylinder  can  be  made  very  plain  as  a  steam  jacket  is  not  necessary 
for  the  high  pressure  cylinder,  while  for  the  low  pressure,  a  jacket 
may  be  applied.  The  material  of  the  cyHnder  should  be  distributed 
uniformly  to  prevent  warping  due  to  the  high  temperatures. 

13  For  horizontal  tandem  type  engines  the  low  pressure  cylinder 
should,  whenever  possible,  be  located  on  the  frame  and  the  high 


'^m-^f^ 


■yy././.v.v-/. 


DCTA/LS  or  fi//v& 

FIG.  5     BELGIAN  PISTON  VALVE 

pressure  cylinder  in  the  rear,  which  arrangement  will  at  the  same 
time  reduce  any  heating  in  the  cross  head  guides. 

14  The  tandem  type  is  recommended  because  it  works  the  en- 
gine with  high  piston  speed  which  means  low  first  cost  of  the 
engine. 

15  Although  it  is  generally  understood  that  poppet  valve  engines 
can  run  only  at  about  120  to  150  r.p.m.,  the  latest  types  in  Europe 
are  designed  for  230  to  240  r.p.m.,  while  in  this  country  they  are  now 
being  built  for  any  speed  up  to  300  r.p.m.  The  writer  has  so  far  not 
been  able  to  corroborate  the  latter  statement,  which  was  made 
during  the  Indianapolis  Meeting  of  the  Society. 
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16  If  valve  casings  are  cast  on  the  cylinder,  it  should  be  done  in  a 
very  plain  manner,  but  no  steam  channels  should  be  cast  on  in  con- 
nection therewith.  Each  valve  casing  should  be  provided  with  a  flange 
to  make  pipe  connection  for  admission  as  well  as  exhaust  steam. 

17  The  piston  should  have  at  least  three  rings  of  good  width. 
For  horizontal  engines  it  should  be  guided  outside  of  the  cylinder  by 
the  cross  head  and  an  extra  liberal  bearing  for  the  extended  piston 
rod  so  that  the  piston  body  will  not  ride  on  the  cyhnder  wall. 


FIG.  7     CYLINDER  FOR  HIGHLY  SUPERHEATED  STEAM 


18  The  piston  should  be  lubricated  directly  and  not  by  mixing 
the  oil  with  the  admission  steam. 

19  The  packing  of  the  piston  rod  should  consist  of  metallic  rings 
of  a  composition  adapted  to  stand  the  high  temperature.  A  com- 
position of  80  per  cent  antimony  and  20  per  cent  lead  has  given  good 
results.  At  the  same  time  the  stuffing  boxes  should  be  arranged  so 
as  to  offer  plenty  of  cooling  surface  to  the  outside  air  in  order  to 
reduce  the  temperature. 


n 

O 

Ea 

ft 

K 

Ih 

0< 

Ed 

s 

O 

>■ 

s 

1 

•< 

H 

o 

^   f; 


5    o 


(N      -•      S      pj 


4)  H 

}ua3  jad 

1 

OO 

lOiO 

c 

us 

uso 

US 

o 

U5U5       ' 

lanji 

1 

«Of- 

00  oi 

55 

OJ 

i-HCO 

d 

a 

<Nco 

p: 

.s«> 

^aaa  jad 

oo 

io>o 

o 

O 

OO 

o 

:  r  o 

1 
OO 

z 
■< 

1; 

0 

ja^Bdv 

1 

do 

•*T)i 

d 

d 

OC> 

ei 

e- 

Nci 

n 

Eh 

•< 

-paa^E 

(NM 

(N(N 

CO 

CO 

COCO 

CO 

...    ec 

coco 

CO 

OO 

xoo 

o 

o 

05C5 

us 

u: 

us  us 

z5 

•qi  jnot]  'd-q-i 

t- 

1^  t^ 

OSCi 

O 

o 

OO 

t^ 

t- 

t~t^ 

y 

"^^ 

J8d  jajB.upaaj 

■rt 

C^^j 

l-H<-< 

^ 

^ 

-4<-< 

d 

c 

dd 

■^ 

r^.-, 

«-H 

'-' 

'-' 

'"""' 

•"• 

lOUS 

bus 

o 

o 

lis  us 

b 

c 

uso 

w  f? 

s 
.  o 

i^nao 

1 

^^ 

•*■*' 

r^ 

us 

r^oo 

d 

u; 

X03       1 

a 

J9d    janj 

1 

*"* 

'^        ! 

S" 

z 

g^ 

OO 

OO 

o 

o 

OO 

us 

U5 

usus 

5-S 
25 

5 
5 

SI 

?nao  jad 

1 

uJlO 

do 

o 

d 

dus 

00 

00 

0000       1 

S" 

mea:)S 

ININ 

(N 

(N 

(NC-4 

(N 

cq 

NCM 

•qi  jnoq 

•dqi  J3d  -dmns 

-ubo  uiBa^g 

(M 

bo 

lOUS 

lO 

US 

US  US 

^ 

1-1— 1 

t- 

iO"5 

t^t>. 

00 

00 

00  00 

US 

u 

USUS 

•* 

(N<N 

d 

d 

OO 

d 

c 

dd 

g 

-Hrt 

^nao  J3J 

o 

lOUJ 

OO 

o 

o 

OO 

o 

o 

oo 

jjo-xao  JO 

o 

0)03 

lOiO 

o 

o 

OO 

us 

u; 

usus 

NOIiViaVA 

CO 

OO 

t>t^ 

00 

00 

00  00 

00 

00 

1 

QOOO 

o 

OO 

OO 

o 

o 

OO 

o 

o 

OO 

•d"H-I 

US 

•CiO 

lOiO 

US 

us 

us  us 

us 

U! 

usus 

(N 

<NC^ 

INIM 

(N 

M 

CMC! 

CM 

« 

NN 

^3 

inao 

1 

t^OO 

-^C^ 

Tj" 

CO 

t^r- 

o 

U3 

ooo     1 

og 

jad  [anj 

1 

»H 

<Nrt 

(N 

IM 

CMr-H 

M 

(N 

(N<N       j 

«: 

"m 

1 

a 

H 

C 

3 

>4 
5 

n 

'^1 

•o'djaj-BAi 

1 

.-Ir-I 

lOiO 

^ 

^ 

rHrH 

■* 

■>* 

■*■* 

■< 

So, 

-paaj 

1 

(N<N 

C>)(N 

CO 

CO 

COCO 

CO 

CC 

COCO 

<  h 

•< 

CO 

OO 

CO 

CO 

COCO 

o 

o 

OO 

>  J 

•q(  jnoq  "d-q-j 

t~ 

iOU5 

00  00 

03 

05 

05  01 

us 

u: 

usus 

B:g 

jad  aajBMpaa^ 

uj 

(N(N 

l-<^ 

d 

d 

dd 

d 

c 

do     1 

a:  H 
m 



■"■ 

'"""' 

-Ir-I 

"^ 

""" 

'"""' 

'^ 

)aaa  jad 

1 

o»o 

©US 

o 

us 

OO 

us 

o 

•    usus 

"k 

PM 

1 

t-Hi-H 

ujiO 

00 

d 

dd 

00 

b- 

dr-J 

H  •< 

5  es 

r-4 

r-4rH 

<Nrt       1 

OQ   = 

0) 

. 

%uao  jad 

1 

CO 

OO 

us 

US 

US  US 

o 

c 

oo 

z   . 

z 

5  g 

uiBaiS 

1 

irjin 

1-H  1— * 

t^ 

1~ 

t^t^ 

d 

o 

dd     i 

o  ^ 

m 

M 

(M(N 

IM 

(N 

(N(N 

CO 

CC 

coco     1 

fa  fti 

< 

•qj  jnoq  d-q-i 

(N 

lOUJ 

OO 

o 

O 

OO 

t^ 

h- 

t»b- 

o 

t- 

WIN 

coco 

t- 

I> 

t^l> 

N 

cq 

(NN 

jad  •Qxnns ' 

•^ 

(NCJ 

^  J 

d 

d 

od 

d 

c 

dd 

8 

-noo  nrea^g 

rHrt 

rtrH 

i-(     1    »Hi-t 

O 

lOlO 

lOlO 

us 

US 

us  us 

00 

oc 

0000 

•d*H"I 

»o 

(NN 

o 

o 

OO 

o> 

o 

aoi 

N 

<N(N 

(NC« 

(N 

N 

(N<N 

-H»H 

^Y3 

XS  JO 

■*•* 

OCO 

O 

to 

0000 

» 

oc 

NN       1 

QOOO 

mm 

US 

US 

(N(N 

IN 

e- 

<s>a) 

a» 

QIV 

Hadivax 

■*■* 

•ous 

us 

us 

(OO 

o 

o 

OO 

J 

[.V3] 

;HHjas 

OO 

<NlM 

N 

(N 

T^ITJI 

•* 

■* 

0000        ; 

coco 

OO 

O 

O 

t-t» 

h- 

b- 

coco 

a 

0  S3 

aaoaa 

(NIM 

<N 

(N 

(NN 

M 

(N 

COCO       1 

a 
a 

< 

X 

ill 

nil-: 

:  '.J: 

:  :§ 

Qi    -  P     •         •"   q;  -C 

i  : 

o  « 

O  oJS 

ci      — 

■t:  c3   • 

O  CB^ 

(fi    y^  '-f. 

—  -  " 

o  » 

S 

•fl  >-  tx  5 

T2  cS  ♦i    . 

of  2'pT)_-i-  o 

c3J:-»j 
t.  M  =3 

-Q.b 
o"~ 

3 

""3  2 

"c'c3  — 

S  ;:  ^  ^  ^ 

b 

a,^ 

0-^*^ 

K     O   ^    C' 

a;  *i-.i 

c;  S  t^  7" 

c  Z 

0 

°is 

^S5f  g 

— -g  0-f 
a;  ^  t-  t- 

-gss 

®  o;  ^  -?  c 

-Si 

1 

e 

03  oi 

c3  oj  3 

"C-  ffi  *>  « 

-S  <Uj2  ej 

tS  =S  :3 

~ii  §"2  § 

.^   0)   .-  01 

03  IS 

2; 

z 

■w  G 

:S  -» 

Oi  Cj  S  P.C 

ejX«  D, 

-^  a£ 

o  c3  00  p«  a> 

ce-c53  Q 

.      *^  Q.      ' 

o 

■*^   CD 

■^  »  *a 

-ii  c  -S 

*i  ID     1 

s 

z 

<m 

■<02M 

35 

<tCM 

S 

-.  J<M_  1 

1 

i       >«' 

c 

C 

^  1-"      1 

!     -c 

X 

J3 

c3 

^  <s 

c3 

?'*t 

■f  **^ 

ID 

z 
o 

g      03t3 

2  M 

'1^ 

1  §■« 

H 

;S,  ?<=> 

ao 

^o 

OQO 

JC'  .gu; 

=  iN 

fe» 

-■03 

z 

a>l   Co 

.2o 

il 

o 

SlwiS 

V 

c 

3 

!3" 

-ous 

1  > 

ENGINES    FOR   THE    USE    OF   HIGHLY   SUPERHEATED    STEAM    1077 

20  The  cylinder  dimensions  of  the  saturated  steam  engine  are 
based  upon  an  economical  cut-off,  and  the  reduction  of  this  cut-off  is 
limited  by  the  increasing  condensation  which  takes  place  when  the 


FIG.  8     3000  H.  p.     INSTALLED  AT  ELECTRICAL  WORKS,  BERLIN.     BUILT  BY 

SULZER  BROS. 

cut-off  is  decreased  beyond  a  certain  minimum.  To  improve  this 
feature,  the  compound,  triple  and  quadruple  expansion  engines  have 
been  introduced;  in  which,  on  account  of  the  smaller  temperature 
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differences  between  the  admission  and  the  exhaust  steam  in  the 
different  cyUnders,  condensation  has  been  decreased  materially. 

21  In  an  engine  for  superheated  steam,  the  degree  of  expansion 
can  be  brought  to  a  higher  state  of  perfection  than  in  an  engine  for 
saturated  steam  because  it  is  only  a  question  of  superheating  the 
admission  steam  high  enough  to  eliminate  condensation  entirely. 
Therefore,  the  cut-off  should  be  reduced,  but  the  cylinder  dimen- 
sions should  be  enlarged  in  proportion  in  order  to  be  equivalent  in 
power  to  the  saturated  steam  engine. 

22  On  existing  engines  the  speed  shguld  be  increased  if  it  is 
mechanically  possible.  Although  this  change  calls  for  higher  steam 
velocities  in  the  steam  channels  and  valves  it  must  be  borne  in  mind 
that  superheated  steam  can  attain  velocities  from  40  per  cent  to  60 
per  cent  greater  than  that  of  saturated  steam  .without  showing  a 
throttling  line  of  expansion  on  an  indicator  diagram. 

DISCUSSION 

Mr.  H.  Emerson  It  is  somewhat  ungracious  when  a  member  has 
been  kind  enough  to  present  to  us  a  table  involving  as  much  labor  as 
the  one  by  Mr.  Tolz  to  cast  doubt  on  the  value  of  his  conclusions. 
What  leads  me  to  do  this  is  that  during  the  last  three  j^ears 
I  have  had  charge  of  the  records  of  over  sixteen  hundred  engines 
on  one  of  the  largest  transcontinental  railroads.  Many  persons  have 
suggested  various  operating  economies.  Most  of  them  are  theoretical 
rather  than  practical.  Hence,  when  I  see  statements  to  the  effect 
that  the  use  of  some  particular  kind  of  appliance,  the  use  of  some 
form  of  superheater  has  actually  effected  a  saving  in  coal,  or  a  saving 
in  water,  my  past  experience  leads  me  to  feel  skeptical  until  practical 
results  are  shown. 

2  Road  engines  in  actual  service  will  be  charged  on  an  average 
with  240  pounds  of  coal  per  1000  ton  miles.  The  same  engine,  on  a 
measured  test,  will  use  80  pounds  of  coal  per  1000  ton  miles.  If  an 
economy  of  20  per  cent  is  effected  in  road  issues  of  coal,  it  must  be 
about  48  pounds  or  60  per  cent  of  the  coal  actually  required  for  steam. 
This  is  manifestly  impossible. 

Prof.  F.  R.  Hutton  It  may  be  of  interest  to  report  an  experi- 
ence on  an  engine  with  a  packless  throttle  valve  and  superheated 
steam.  The  inventor  sought  to  make  a  diaphragm  valve,  the  spindle 
of  the  valve  being  attached  to  a  diaphragm  of  sufficient  area  so  that 
there  would  be  no  resistance  from  the  flexure. 
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2  The  difficulty  was  found  to  be  that  the  throttle  valve  spindle 
continuously  lengthened  under  the  exposure  to  the  superheated 
steam;  so  that  every  once  in  a  while,  even  if  you  started  out  with  full 
adjustment,  a  time  would  come  when  you  couldn't  get  that  throttle 
valve  to  open  because  the  spindle  lengthened  and  closed  the  valve, 
so  that  while  apparently  from  without  it  was  in  the  position  of 
being  wide  open,  it  was  really  nearly  closed. 

Mr.  H.  H.  Suplee  Recently  one  of  the  most  prominent  builders 
of  steam  engines  in  Switzerland  informed  me  his  works  were  about  to 
begin  building  engines  for  the  use  of  superheated  steam  and  they 
found  that  the  CorUss  valve  gave  them  trouble. 

2  He  said  he  had  practically  decided  that  a  steam  engine  for 
highly  superheated  steam  should  be  designed  with  poppet  valves, 
along  the  general  Unes  of  the  gas  engine  and  possibly  for  even  higher 
temperatures  as  the  use  of  coohng  water  is  not  permissible.  Metal 
temperatures  of  450  degrees  fahr.  and  higher  occur  with  superheated 
steam,  and  this  is  materially  higher  than  the  water-cooled  cylinder 
of  a  gas  engine.  On  account  of  the  high  degree  of  superheat  often 
desired,  the  gas  engine  design  may  well  be  taken  as  a  guide  for  suitable 
provision  for  the  expansion  of  steam  engine  parts  exposed  to  such  a 
high  temperature  range.  Under  such  high  w^orking  temperatures 
the  question  of  the  molecular  change  of  metals  becomes  very  impor- 
tant and  opens  a  wide  field  for  investigation. 

Prof.  C.  E.  Lucke  As  the  commercial  value  of  the  steam  engine, 
as  well  as  of  any  other  machine,  depends  more  upon  the  cost  side  of 
the  question  than  upon  thermal  efficiency,  I  should  like  to  ask  the 
author  of  this  paper  to  present  some  data  on  how  the  cost  of  manufac- 
ture of  this  poppet  valve  engine  would  compare  with  our  present 
standards. 

2  I  should  also  like  to  ask  him  to  state  how  the  cost  of  maintenance 
and  lubrication  would  compare  with  the  existing  standard  engines, 
and  how  the  lubricating  oil  should  be  specified. 

Mr.  R.  T.  Ode  We  probably  have  had  as  much  to  do  with  super- 
heated steam  engines  as  an}^  other  manufacturer  in  tliis  country;  we 
have  at  the  Lancaster  Railwaj^  Company's  main  central  station,  three 
1500  h.p.  superheated  steam  engines,  one  600  h.p.  cross  compound 
engine  at  Millbourne  Mills,  a  report  upon  which  was  presented  to  the 
Association  by  Professor  Jacobus,  and  several  others  of  from  500  to 
1500  h.p. 
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2  Our  experience  has  been  that  it  is  profitable  to  use  a  moder- 
ate degree  of  superheat  in  cases  where  service  is  continuous.  This  de- 
gree of  superheat  is  not  Umited  to  any  feature  of  design,  but  is  because 
of  the  sUght  gain  that  can  be  obtained  in  the  coal  consumption.  We 
found  that  high  temperatures  distorted  the  cast  iron  cylinders,  and 
that  it  took  about  six  weeks  operation  before  the  cyhnders  took  final 
shape  or  set.  In  our  designs  we  are  very  careful  to  leave  nothing  on 
the  cylinder  barrels  that  may  cause  unequal  expansion  or  distortion. 

3  We  find  that  poppet  valve  engines  cost  about  the  same  as  the 
ordinary  Corliss  engines.  If  it  were  not  for  the  fixed  American  ideas 
so  favorable  to  the  CorHss  valve  engine,  we  think  many  manufac- 
turers of  engines  in  this  country  would  now  be  following  the  European 
practice,  for  the  performance  of  the  poppet  valve  engine  is  most 
satisfactory. 

4  In  regard  to  the  fioor  space  and  cost  of  the  entire  plant,  we 
find  that  in  the  superheated  steam  installation  the  smaller  quantity 
of  steam  required  to  develop  the  same  power,  as  compared  with  the 
saturated  steam  engine,  offsets  the  difference  there  is  in  the  floor  space 
and  extra  cost  of  the  superheater,  inasmuch  as  the  boiler  capacity 
required  is  less. 

5  In  regard  to  piping  equipment,  we  find  that  the  same  features 
suggested  in  regard  to  the  design  of  the  cylinder  apply  here  also. 
If  we  take  care  with  design  we  have  no  trouble  from  distortion. 

6  As  we  are  the  introducers  of  the  Schmidt  system  in  America,  we 
are  very  much  interested  in  the  results  shown  in  the  table. 

7  I  notice  there  are  three  sheets  of  results  given,  and  I  do  not 
know  whether  they  are  compiled  directlyfrom  actual  tests  or  tabulated 
from  a  few  tests.  I  would  Hke  Mr.  Toltz  to  tell  us  about  that.  I 
think  these  tables  are  of  more  value  than  anything  else  we  have  on  the 
subject. 

Mr.  J.  A.  Seymour  It  seems  very  important  to  emphasize  the  fact, 
which  is  referred  to  only  indirectly  by  the  author  of  the  paper,  that 
the  possible  increase  in  econom}-  from  the  use  of  superheated  steam 
comes  from  two  sources: 

a  From  the  increase  in  range  of  temperature  limits  between 

which  the  engine  works. 
b  From  the  decrease  in  the  amount  of  heat  by-passed  around 
the  working  cycle  through  heat  transference  to  and  from 
the  cylinder  walls. 
2     This  heat  transference  is  called  by  the  author  "  cylinder  conden- 
sation," as  is  customary,  but  the  term  is  misleading.     What  is  meant 


1082    ENGINES   FOR  THE   USE    OP   HIGHLY   SUPERHEATED   STEAM 

by  "cylinder  condensation"  is  condensation  by  reason  of  heat  being 
given  up  by  the  steam  to  the  cj'linder  walls  during  the  earl}'  part  of 
the  stroke  when  the  steam  is  hotter  than  the  C3'linder  walls.  Steam 
is  also  condensed  at  a  later  period  during  expansion  in  the  cylinder 
in  order  to  supply  a  sufficient  heat  equivalent  to  the  work  performed. 
This  is  not  a  source  of  loss  of  economy,  but  a  gain,  and  in  actual  prac- 
tice the  more  economical  the  engine,  the  greater  the  amount  of  con- 
densed steam  in  the  exhaust. 

3  When  the  range  between  the  high  and  low  temperature  limits 
in  any  heat  engine  is  increased,  conditions  are  secured  which,  with  an 
ideal  engine  would  give  increased  economy.  Practically,  there  is 
only  a  comparatively  small  saving  in  the  economy  of  the  engine 
from  this  source  when  using  a  high  degree  of  superheat  which  to 
many  of  us,  does  not  seem  to  compensate  for  the  resulting  decrease 
in  the  efficiency  and  reUabiUty  of  the  remainder  of  the  plant. 

4  In  regard  to  the  saving  from  the  second  mentioned  source,  Pro- 
fessor Unwin  pointed  out,  a  good  many  years  ago,  that  the  effect  of 
superheat  in  lessening  the  transfer  of  heat  to  the  cylinder  walls 
before  expansion  takes  place  and  back  again  to  the  steam  during  the 
exhaust  stroke,  was  very  considerable  for  a  comparatively  small 
amount  of  superheat,  but  that,  as  the  superheat  was  increased,  the 
corresponding  increase  in  this  effect  rapidly  diminished  and  that  the 
increased  saving  was  not  worth  while  for  a  superheat  higher  than 
from  100  to  120  deg.  fahr. 

5  One  of  the  difficulties  encountered  with  high  superheat  is 
cylinder  lubrication.  With  moderate  superheat  there  seems  to  be  no 
greater  difficulty  in  this  respect  than  with  saturated  steam  and  per- 
haps, on  the  average,  rather  less  difficulty.  When  you  have  very  wet 
steam,  especially  with  bad  feed  water,  there  will  be  more  trouble  with 
cylinder  lubrication  than  with  steam  moderately  superheated. 

6  Valve  troubles  with  superheated  steam  generally  come  from 
the  distortion  of  the  valve  bj''  reason  of  high  temperature.  Eight 
or  nine  years  ago  the  regular  form  of  unbalanced  gridiron  valve,  such 
as  was  used  on  Mcintosh  &  Seymour  engines,  was  tested  with  highly 
superheated  steam,  with  the  expectation  that  some  other  form  of 
valve  should  possibly  be  adopted  where  superheat  was  used.  The 
test  showed  this  type  of  valve  to  be  suitable  in  every  way  for  use  with 
highly  superheated  steam.  Since  that  time  more  than  thirty  engines 
put  out  with  this  type  of  valve  and  aggregating  75  000  h.p.,  are  run- 
ning with  superheated  steam,  and  no  difficulties  whatever  have  devel- 
oped. In  none  of  these  engines  has  the  superheat  been  higher  than 
125  deg.  for  the  reason,  as  explained  above,  that  it  was  not  thought 
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that  there  would  be  any  practical  gain,  all  things  being  considered, 
by  increasing  the  superheat  above  this  point.  With  this  degree  of 
superheat  no  troubles  nor  drawbacks  whatever  have  been  experienced, 
either  in  the  engine  or  elsewhere  in  the  steam  plant. 

7  One  of  the  principal  reasons  why  these  gridiron  valves  have 
given  no  trouble  with  superheated  steam  is  that  the  seats  are  very 
stiff  and  the  valves  themselves  are  comparatively  hmber,  so  that  the 
form  of  valve  will  easily  follow  that  of  the  seat  in  case  of  any  change  in 
shape  due  to  the  high  temperature.  With  superheated  steam  it  is  of 
the  greatest  importance  to  adopt  a  form  of  valve  which,  if  distorted 
by  a  high  temperature,  will  not  stick  or  leak,  and  it  should  not  be 
assumed  that  the  double  poppet  valve  is  the  ideal  valve  for  this 
service.  There  are  two  large  power  plants  in  New  York,  the  Inter- 
borough  and  the  Manhattan  Elevated,  where  the  engines  in  both  sta- 
tions were  built  by  the  same  concern  and  are,  in  general,  similar  in  all 
respects,  except  that  in  one  station  double  poppet  valves  are  used  on 
the  high-pressure  cy Under,  and  in  the  other,  ordinary  Corliss  valves. 
It  is  currently  reported  that  the  poppet  valves  are  not  as  tight  as  the 
Corliss  valves  in  the  older  station,  and  that  the  poppet  valve  engines 
do  not  give  as  good  economy. 

8  It  is  not  fair  to  compare  the  performance  of  a  Sulzer  engine 
with  that  of  the  average  American  engine  The  Sulzer  engine  is 
built  with  a  refinement  of  detail  and  a  perfection  of  workmanship 
that  would  be  commercially  impossible  in  this  country.  This  refine- 
ment makes  possible  a  fine  performance  in  spite  of  details,  which, 
especially  if  designed  for  the  usual  conditions  obtaining  in  power  plants 
in  this  country,  might  be  bettered.  The  writer  greatly  admires  the 
Sulzer  engine  and  its  performance,  but  believes  that  it  might  give 
still  better  economy  with  some  other  form  of  valve. 

9  The  economy  of  an  engine  using  superheated  steam  should  not 
be  given  in  pounds  of  coal  which  combines  with  the  engine  perform- 
ance that  of  the  steam  generating  and  superheating  part  of  the  plant 
nor  in  pounds  of  feed  water,  for  both  methods  make  comparisons  with 
other  engines  very  misleading.  It  takes  a  good  many  more  heat  units 
to  transform  a  pound  of  feed  water  into  highly  superheated  steam  than 
into  saturated  steam.  The  economy  of  the  engine  should  be  stated 
in  terms  of  the  number  of  thermal  units  added  to  the  feed  water  per 
unit  of  w^ork,  in  the  manner  recommended  by  the  Committee  on  Tests 
of  this  Society.  By  this  means  the  apparently  large  percentages 
saved  by  the  use  of  highly  superheated  steam,  on  the  pounds  of  feed 
water  rating,  will  be  very  considerably  reduced  when  the  correct  rating 
is  used. 
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10  It  is  not  possible  to  give  examples  of  this  from  the  author's 
paper,  since  in  the  tests  quoted  he  does  not  give  the  vacuum .  Below  are 
comparisons  from  published  tests  of  an  engine,  made  both  with  satu- 
rated steam  and  with  highly  superheated  steam,  and  also  of  another 
engine  running  with  a  moderate  degree  of  superheat. 

Poundsof  steam  per  i.h.p.  with  374.5  deg.  superheat 9.56 

Pounds  of  steam  per  i.h.p.  with  saturated  steam  13 .  84 

B.t.u.  per  i.h.p.  per  minute  with  374.5  deg.  superheat 203 . 7 

B.t.u.  per  i.h.p.  per  minute  with  saturated  steam 248.2 

Apparent  sa\nng  with  374.5  deg.  superheat  on  basis  of  pounds  of  steam  sup- 

phed  to  engine,  per  cent    30 . 9 

Actual  saving  with  374.5  deg.  superheat    on  basis  of  B.t.u.  suppHed  to 

feed  water,  per  cent 17.9 

Pounds  of  steam  per  i.h.p.  with  92.3  deg.  superheat 11.21 

B.t.u.  per  i.h.p.  minute  with  92.3  deg.  superheat ; 209.6 

Apparent  saving  with  374.5  deg.  superheat  compared  with  92.3  deg.  super- 
heat on  basis  of  pounds  of  steam  supphed  to  engine,  per  cent 14. 7 

Actual  saving  with  374.5  deg.  superheat  compared  with  92.3   deg.   super- 
heat on  basis  of  B.t.u.  supplied  to  feed  water,  per  cent 2.8 

11  These  results  are  only  intended  to  show  the  fallacy  of  making 
comparisons  on  the  basis  of  economy  ratings  given  in  pounds  of  steam 
supplied  to  the  engine,  and  they  have  no  bearing  on  the  comparative 
economy  of  the  various  degrees  of  superheat  given,  on  account  of  the 
dissimilarit}^  of  the  conditions  in  the  tests  quoted.  The  results  are 
given  on  the  basis  of  the  Regnault  valve  of  0.48  for  the  specific  heat. 
The  comparative  savings  are  only  slightly  affected  if  the  more  correct 
values  of  Professor  Thomas  are  used. 

Mr.  I.  E.  MouLTROP  The  temperature  of  the  steam  is  one  of 
the  most  important  considerations  in  this  discussion. 

2  The  writer  had  experience,  for  some  ten  or  twelve  years,  with 
the  use  of  superheated  steam  in  large  power  plants.  About  1896 
the  Edison  Electrical  Illuminating  Company  of  Boston  increased  the 
capacity  of  one  of  their  power  plants.  Four  400  h.p.  Babcock  &  Wil- 
cox boilers  were  installed  in  the  fire  room,  equipped  wth  the  Babcock 
&  Wilcox  attached  type  of  superheater,  designed  for  125  deg.  fahr. 
superheat.  These  were  connected  to  the  pipe  mains  already  installed, 
in  parallel  with  seven  boilers  of  the  same  size  -uithout  superheaters. 
In  the  engine  room  were  some  vertical  triple  expansion  engines  with 
piston  valves,  and  one  or  two  vertical  compound  engines  of  the  type 
Mr.  Seymour  mentions,  equipped  with  gridiron  shde  valves. 

3  We  did  not  know  much  about  the  use  of  superheated  steam  at 
that  time,  and  made  this  installation  partly  as  an  experiment.     We 
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expected  to  have  some  trouble  with  cylinder  lubrication  and  also  with 
packings,  etc.,  but  other  than  changing  the  grade  of  cylinder  oil  for 
one  adapted  to  the  higher  temperature,  which  did  not  materially 
change  the  cost,  none  of  the  anticipated  troubles  developed. 

4  Of  course,  with  the  small  number  of  superheaters  installed 
the  total  temperature  of  the  steam  at  the  engines  was  not  very  much 
in  excess  of  the  temperature  for  saturated  steam  at  the  boiler  pressure. 

5  During  the  next  few  years,  eight  similar  boilers  with  superheaters 
and  a  few  more  vertical  compound  engines  of  the  gridiron  valve  type, 
were  installed  at  the  station.  The  subsequent  installations  were 
made  in  such  a  way  that  boilers  with  superheaters  were  run  separate 
from  those  without,  so  that  the  total  temperature  of  the  steam  at  the 
engines  would  run  up  to  about  450  deg.  fahr.  This  later  installation 
has  been  in  use  seven  or  eight  years,  and  we  have  yet  to  experience 
any  of  the  anticipated  troubles  due  to  the  use  of  superheated  steam. 

6  About  five  years  ago  we  built  a  large  turbine  station  using  the 
same  type  of  boilers  and  superheaters,  except  that  here  the  steam 
pressure  was  175  lb.  and  the  superheaters  built  for  150  deg.  fahr.  of 
superheat.  This  nominally  gives  a  temperature  of  steam  of  about 
525  deg.  fahr.,  but  while  the  boilers  are  being  forced  during  the  peak 
of  the  load,  the  total  temperature  of  steam  probably  reaches  as  high 
as  600  deg.  fahr.  at  times. 

7  We  have  found  that  under  these  conditions  there  are  things  to 
be  watched.  In  some  instances  we  believe  we  have  found  evidence 
of  the  deleterious  effect  of  superheated  steam  on  cast  iron,  which  has 
been  mentioned  in  the  previous  discussion,  and  we  think  the  same  may 
be  true  in  a  measure  in  reference  to  gun  iron.  We  are  also  pretty 
well  satisfied  that  brass  or  copper  are  not  good  materials  to  bring  in 
contact  with  superheated  steam.  No  special  difficulty  was  encoun- 
tered in  the  lubricating  of  the  auxiUaries  at  this  higher  temperature, 
but  there  does  seem  to  be  a  question  as  to  whether  there  is  any  economy 
in  carrying  the  superheat  beyond  this  amount. 

The  Author  The  writer  is  pleased  that  this  subject  has  aroused 
so  great  an  interest,  as  shown  by  the  discussion.  In  answer  to  sev- 
eral questions  he  can  state  that  the  tables  regarding  the  economy  of 
superheated  steam  were  compiled  from  actual  tests  by  Professor 
Hrabak. 

2  The  remarks  regarding  coal  performance  of  locomotives  made 
by  Mr.  Emerson  are  rather  surprising.  There  is  no  doubt  that  better 
results  can  be  obtained  under  test  than  in  actual  practice,  but  it 
should  be  borne  in  mind  that  the  conditions  differ  in  both  cases.     In 
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practice  a  locomotive  may  be  out  on  a  run  for  from  15  to  20  hours, 
while  its  actual,  continuous  work  is  only  8  to  12  hours.  The  bal- 
ance of  the  time  it  is  standing  on  side  tracks,  etc.,  which  means 
that  coal  must  be  spent  for  non-productive  work.  But  there  is  not 
one  case  to  the  knowledge  of  the  writer  in  which  there  has  been 
shown  such  difference  in  coal  consumption,  viz:  SO  lb.  against  240  lb. 
per  1000  ton  miles. 

3  Superheaters  on  locomotives  in  foreign  countries  have  been  a 
success  during  the  last  five  j^ears  and  in  this  country  and  Canada  very 
fine  results  have  been  obtained.  The  Canadian  Pacific  has  over  350 
engines  equipped,  while  in  the  United  States  "only  22  are  running, 
7  of  which  the  writer  designed.  The  average  saving  of  coal  over 
the  saturated  steam  locomotive  on  the  Canadian  Pacific  is  from  15  to 
18  per  cent,  while  on  the  Great  Northern,  20  per  cent  has  been 
recorded  by  the  monthly  performance  sheet,  yet  in  tests  28.4  per  cent 
have  been  obtained. 

4  The  cost  of  manufacture  of  poppet  valves  and  their  mainte- 
nance has  been  fully  answered  by  Mr.  Ode. 

5  Referring  to  lubrication,  the  oil  which  has  given  perfect  satis- 
faction in  stationary  engines  is  Gargoyle-Hecla  B,  with  a  flashing 
point  of  650  deg.  fahr.,  manufactured  by  the  Standard  Oil  Company, 
while  on  locomotives  a  similar  product  of  the  Galena  Oil  Company  is 
being  used.  Although  forced  feed  is  recommended,  the  latest  types 
of  hydrostatic  lubricators  have  done  the  work  satisfactorily.  The 
superheat  on  locomotives  runs  from  175  deg.  fahr.  to  250  deg.  fahr., 
with  a  final  temperature  of  the  steam  of  from  550  deg.  fahr.  to  625 
deg.  fahr.,  without  developing  any  difficulty  in  lubrication.  It  is 
generally  assumed  that  a  greater  quantity  of  oil  is  required  for  lubri- 
cating valves  and  cyhnders  where  superheated  steam  is  used,  but 
experience  seems  to  show  just  the  reverse,  although  positive  state- 
ments to  this  effect  cannot  as  yet  be  made. 

6  The  statement  made  by  one  of  the  discussers  that  with  60  deg. 
superheat  at  the  throttle  of  an  engine  18  deg.  were  still  recorded  in 
the  exhaust  steam  with  a  vacuum  of  24  in.,  cannot  be  correct.  Take 
for  instance  a  20  in.  by  30  in.  simple  engine,  working  with  a  30  per 
cent  cut-off  and  a  steam  pressure  of  160  lb.,  it  will  be  necessary  to 
superheat  the  steam  165  deg.  in  order  to  have  the  exhaust  steam  212 
deg. 

7  In  regard  to  increase  of  boiler  pressure,  attention  is  called  to  the 
fact  that  we  are  aiming  to  decrease  same,  especially  in  railroad  prac 
tice.    Of  course,  in  that  case,  it  will  be  necessary  to  increase  the  size 
of  the  cyUnder. 
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8  In  answer  to  Mr.  Seymour's  remark  in  regard  to  decreasing  the 
efficiency  and  reliability  of  a  plant  as  a  whole,  there  is  no  difficulty  in 
operating  properly  designed  engines  with  superheated  steam,  because 
engines  can  be  simphfied  for  this  purpose.  In  other  words,  a  simple 
engine  using  superheated  steam  will  have  a  higher  economy  than  a 
compound  engine  using  saturated  steam  and  a  compound  engine  using 
superheated  steam  will  give  better  economy  than  a  triple  expansion 
engine  working  with  saturated  steam.  The  heat  consumption  drops 
rapidly  with  superheating  up  to  the  point  where  the  superheat  is 
sufficient  to  produce  saturation  at  the  end  of  expansion,  and  it  still 
decreases  when  superheating  is  carried  still  higher.  It  therefore 
should  not  be  concluded,  as  in  the  example  given  by  Mr.  Seymour, 
that  the  economy  with  highly  superheated  steam  is  but  httle  greater 
than  with  moderately  superheated  steam.  If  in  the  example  given 
the  speaker  had  mentioned  the  different  details  as  to  steam  pressure, 
cut-off,  type  of  engine,  etc.,  the  writer  could  probably  have  replied 
to  this  point  more  intelligently. 

9  The  lubrication  of  the  cylinder  for  highly  superheated  steam 
is  an  easy  matter  when  it  is  properly  designed  and  the  piston  sup- 
ported at  both  ends  of  the  cylinder  bj'  Uberal  bearings. 

10  The  writer  did  not  intend  to  convey  the  idea  that  the  poppet 
valve  is  the  only  proper  valve  for  engines  using  superheated  steam 
but  it  is  better  adapted  for  that  purpose  than  the  CorUss  valve 
because  the  latter  has  larger  wearing  surfaces  and  cannot  therefore  be 
satisfactorily  lubricated,  especially  when  steam  is  used  having  a  tem- 
perature of  over  500  deg.  fahr.  Attention  is  called  to  the  fact  that 
with  four  piston  valves  for  regulating  the  steam  distribution,  very 
good  results  have  been  obtained. 

11  The  writer  perfectly  agrees  with  Mr.  Seymour  that  a  just  com- 
parison of  the  efficiency  of  engines  can  be  drawn  only  from  the  heat 
consumption  per  horse  power  hour,  but  in  the  final  reckoning  the 
economy  of  any  steam  plant  must  be  figured  at  the  coal  pile.  The 
writer  has  endeavored  to  show  this  in  the  three  tables  submitted,  but 
at  the  same  time  he  calls  attention  again  to  diagram  1,  in  which 
the  British  thermal  units  per  horse  power  hour  for  steam  of  different 
temperatures  are  given.  The  following  example  will  give  an  idea  of 
the  economy  secured  with  superheated  steam.  A  pound  of  satu- 
rated steam  having  a  pressure  of  100  lb.  absolute,  contains  1181.2 
B.t.u.  and  has  a  cubical  content  of  4.34  cu.  ft.,  which  means  that  each 
cubic  foot  of  this  steam  consists  of  272.35  B.t.u.  If  this  steam  is  to 
be  superheated  200  deg.  fahr.,  96.1  B.t.u.  have  to  be  added,  which 
increases  the  total  British  thermal  units  of  this  pound  of  steam  to 
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1278.2,  while  the  volume  has  been  enlarged  to  5.5  cu.  ft.  Therefore, 
each  cubic  foot  of  this  steam  contains  now  only  235.55  B.t.u.  or  13§ 
per  cent  less  than  the  cubic  foot  of  saturated  steam  of  the  same  pres- 
sure. The  heat  added  amounted  to  8.13  per  cent,  but  the  increase 
in  volume  is  practically  26  per  cent.  In  a  20  in.  by  26  in.  sUde  valve 
engine  the  port  has  a  cubical  content  of  660  cu.  in.,  or  0.4  cu.  ft. 
At  a  cut-off  of  30  per  cent  the  superheated  steam  will  give  a  saving 
of  7  per  cent  in  clearance  alone,  wliich  is  due  to  the  increase  of  the 
volume. 

12  In  regard  to  the  difficulties  of  superheating  and  the  troubles 
and  tribulations  in  using  superheated  steam,  the  writer  has  had  oppor- 
tunities to  investigate  many  cases  and  he  will  endeavor  to  point  them 
out  and  show  the  remedies  which  can  be  applied.  For  instance,  men- 
tion was  made  of  a  big  power  plant  equipped  with  separately  fired 
superheaters.  Tests  made  by  Professor  Hrabak  show  plainly  that 
the  economy  wdth  such  superheaters  is  not  very  high.  A  separately 
fired  superheater  in  which  the  gases  go  to  waste  has  no  place  in  any 
power  plant  except  where  it  can  be  fed  with  waste  gases,  such  as  are 
plentiful  in  steel  or  iron  works.  By  proper  attention  such  a  super- 
heater can  maintain  a  fairly  uniform  temperature  in  the  steam  and 
this  is  probably  the  reason  why  tliis  type  seems  to  be  in  favor  in  this 
country. 

13  Where  the  superheater  is  located  in  the  gas  passages  and  is 
part  of  the  boiler,  the  economy  in  steam  and  especially  in  coal  will 
be  marked,  if  the  proper  degree  of  superheat  is  secured  and  uniformly 
maintained.  These  two  factors,  the  proper  degree  of  superheat 
and  the  uniformity  of  the  same  throughout  the  different  loads  a 
boiler  is  subjected  to,  are  very  important. 

14  It  is  generally  conceded  that  a  CorUss  valve  engine  will  operate 
successfully  with  steam  at  a  temperature  of  475  to  500  deg.  fahr.,  but 
in  one  instance,  which  recently  came  under  the  observation  of  the 
writer,  a  temperature  of  525  deg.  fahr.  was  reached  without  impairing 
the  working  of  the  different  parts  of  the  engine.  Under  such  condi- 
tions oil  having  a  high  flashing  point  must  be  used  in  a  proper  way 
for  lubrication. 

15  Taking  it  for  granted  that  a  temperature  of  500  deg.  fahr,  is 
allowable  and  assuming  the  steam  pressure  to  be  165  lb.  with  a  tem- 
perature of  373  deg.  fahr.,  to  be  raised  127  deg.  by  superheating,  the 
per  cent  gain  in  steam  and  coal  economy  in  different  types  of  engines 
should  be  as  follows  at  normal  load: 
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TYPE  OF  ENGINE 

SIMPI.E 
NON-CONDENSING 

COMPOUND 

CONDENSING 

TBIPLB  EXPANSION 
CONDENSING 

Type  of  superheater 

Separately 

Fired 
Per  cent 

Attached 
to  Boiler 
Per  cent 

Separately 

Fired 
Per  cent 

Attached 
to  Boiler 
Per  cent 

Separately 

Fired 
Per  cent 

Attached 
to  Boiler 
Per  cent 

Saving  in  steam 

Saving  in  coal 

21 
8.5 

21 
16 

15 
1.5 

15 
10 

10.5 
-3 

10.5 
6.5 

16  But  there  is  not  a  single  power  plant  in  this  country  wliich 
shows  such  results,  although  in  Europe  they  are  obtained  in  every 
day  practice.  What  is  the  reason  for  not  deriving  the  same  benefit 
here  as  in  Europe?  First  of  all,  European  engines  are  designed  for 
high  superheat  and  can  stand  the  stresses  of  expansion  and  contrac- 
tion due  to  great  fluctuations.  Second,  the  degree  of  superheat  is 
controlled  or  regulated  according  to  conditions.  Taking,  for  instance, 
the  above  case,  the  heating  surface  of  the  superheater  to  give  127  deg. 
fahr.  superheat  is  proportioned  for  normal  load,  but  any  increase  of 
load  will  naturally  increase  the  degree  of  superheat,  so  that  with  an 
overload  of  50  per  cent  the  superheat  will  be  about  25  deg.  higher 
and  with  100  per  cent  overload  about  60  deg.  higher.  Trouble  ensues 
in  consequence  and  in  all  cases  the  superheater  heating  surface  is  cut 
down  so  as  to  give  at  maximum  load  the  degree  of  superheat  wanted, 
while  at  normal  load  the  superheat  is  about  high  enough  to  give  dry 
steam. 

17  Another  factor  of  irregular  and  variable  superheat  is  to  De 
found  in  the  elements  of  the  superheater  which  in  most  cases  consist 
of  round  pipes  in  which  only  the  steam  nearest  to  the  wall  is  super- 
heated, while  the  core  is  hardly  heated  on  account  of  the  outer  ring 
of  superheated  steam  acting  as  a  non-conductor.  In  some  super- 
heaters devices  are  arranged  to  break  up  this  segregation  and  mix  the 
steam  of  different  temperatures  thoroughly,  but  generally  this  is  not 
done.  In  consequence,  the  steam  reaches  the  engine  in  alternate 
gusts  of  different  degrees  of  heat  and  plays  havoc  with  valves,  pistons 
and  cyUnders,  which,  of  course,  discredits  at  once  the  advantages  of 
superheated  steam.  The  elements  of  a  superheater  should  be  so  con- 
structed that  the  steam  flows  through  them  in  a  sheet  in  which  form  a 
uniform  superheat  can  be  obtained. 

18  Another  failure  in  a  superheater  is  the  depositing  of  cinders, 
soot  and  ashes  on  the  outside  of  the  elements,  which  cuts  down  the 
efficiency.  In  many  cases  flooded  superheaters  are  used,  but  if  any- 
body wishes  to  increase  his  troubles,  he  needs  only  to  employ  this 
type.     Another  source  of  trouble  lies  in  the  connection  between  head- 
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ers  and  elements  being  exposed  to  the  hot  gases,  which  generally  ends 
in  leakage.  It  is,  therefore,  recommended  that  the  headers  and  their 
connections  with  the  elements  be  located  outside  of  the  boiler,  which 
guards  against  such  leakage. 

19  The  control  or  regulation  of  superheat  has  been  accomplished 
in  different  ways,  but  there  are  only  a  few  which  have  merits. 

a  Injecting  cold  water  into  the  superheater  elements.  This 
is  not  recommended  because  in  time  the  superheater 
pipes  will  be  filled  up  with  the  incrusting  elements  of  the 
water. 

b  By-passing  the  flue  gases  or  choking  the  flue  passages  by 
dampers.  Not  rational,  because  in  the  latter  case  the 
flue  area  is  restricted  when  it  should  be  largest. 

c  Admitting  cold  air  onto  superheater  elements.  This  is 
wasteful. 

d  Superheaters  reinforced  by  great  masses  of  cast  iron  to 
store  up  heat.  Costly  and  also  ineffective  to  a  certain 
degree. 

e  Hot  water  circulation  through  pipes  located  inside  of  super- 
heater elements.     Too  complicated. 

/  Mixing  superheated  steam  with  saturated  steam  automati- 
cally in  a  comingler. 

g  Returning  excess   heat  of  superheated   steam  into  boiler, 
thereby  not  alone  increasing  evaporating  capacity,  but 
improving  water  circulation. 
These  last  two   systems   are   rational  and  economical  and  can  be 
automatically  arranged. 

20  Last  but  not  least,  the  degree  of  superheat  to  be  used  is  very 
important.  Superheating  of  steam,  although  not  new,  is  a  pecuUar 
feature  in  steam  engineering  and  it  is  not  as  yet  fully  understood  by 
all.  There  are  many  factors  that  must  be  taken  into  consideration 
before  it  can  be  determined  what  is  the  most  economical  amount  of 
superheat  in  a  given  case.  What  should  be  the  design  of  engines  or 
turbines  for  new  or  old  plants  and  what  can  be  done  to  improve  pres- 
ent conditions  as  they  are  found?  What  are  the  probable  losses  in 
pipe  Unes?  What  is  the  proper  type  of  superheater  for  a  particular 
plant  and  what  should  be  its  location?  Many  recent  installations 
have  been  failures  because  such  points  as  these  have  not  received 
attention.  These  are  all  engineering  problems  that  should  not  be  left 
to  the  manufacturers  of  engines  and  boilers,  or  of  other  steam  appli- 
ances, but  should  be  worked  out  by  an  expert  who  is  advanced  in  the 
art.     I  venture  to  say  that  in  the  best  modern  and  most  economical 
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high  duty  power  plant  in  tliis  country,  using  saturated  steam,  the 
economy  can  be  raised  from  8  to  10  per  cent  by  a  judicious  appU- 
cation  of  superheated  steam  and  that  the  superheating  apparatus  will 
not  give  any  more  trouble  in  such  a  plant  than  a  first-class  boiler. 

21  The  turbine  builders  have  made  the  statement  that  with  super- 
heated steam  there  is  economy  in  steam  consumption  in  turbines,  but 
that  no  economy  in  coal  consumption  has  been  recorded,  and  for  that 
reason  they  recommend  only  a  moderate  superheat  of  about  100  deg. 
fahr.  This  is  entirely  misleading  and  should  be  corrected.  The 
tests  quoted  were  on  a  plant  having  a  separately-fired  superheater, 
the  construction  of  which  was  of  the  crudest  form,  and  the  fuel  arrang- 
ment  a  very  wasteful  one. 

22  In  a  paper  read  before  the  American  Street  and  Inter-urban 
Railway  Association,  Mr.  A.  H.  Kruesi  gave  the  results  of  tests  at 
Chicago  with  a  Curtis  turbine  coupled  to  a  9000  kw.  generator.  The 
lowest  superheated  steam  consumption  of  the  turbine  when  develop- 
ing 13  650  h.p.  is  given  at  9.62  lb.  of  steam  per  horse  power  hour, 
which  probably  is  the  lowest  steam  consumption  of  any  in  this 
country. 

23  Comparing  this  with  results  obtained  with  a  3000  kw.  Curtis 
turbine,  built  by  the  Allegemeine  Electricitaets  Gesellschaft  of  Berlin, 
at  an  output  of  2554  kw.,  the  steam  consumption  per  horse  power 
hour  was  8.3  lb.  and  at  an  output  of  3169  kw.,  8.47  lb.  per  horse 
power  hour.  The  turbine  ran  at  1500  r.p.m.,  the  boiler  pressure  was 
170  lb.  and  the  superheat  maintained  220  deg.  fahr.  This  turbine  was 
built  especially  for  highly  superheated  steam  and  special  care  was 
taken  to  provide  for  expansion  and  contraction  of  the  different  parts, 
and,  as  the  writer  understands  it,  the  openings  as  well  as  the  angles  of 
the  different  sets  of  blades  were  somewhat  differently  designed  to 
give  the  steam  the  proper  expansion  due  to  superheat. 

24  The  writer  has  tried  to  explain  the  features  of  superheating 
and  their  difficulties  as  thoroughly  as  his  knowledge  enables  him  to 
do  and  he  can  say  that  in  the  present  state  of  the  art,  it  is  not  a  ques- 
tion of  whether  we  shall  superheat  or  not,  but  whether  low  or  high 
superheat  shall  be  apphed.  With  low  superheat  very  few  changes 
in  engine  design  are  necessary,  but  with  high  superheat  more  atten- 
tion will  have  to  be  paid  to  rational  details  as  outUned  in  the 
writer's  paper  resulting  in  a  high  degree  of  economy,  an  aim  which 
is  worth  our  while. 
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POWER  TRANSMISSION  BY  FRICTION  DRIVING 
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Member  of  the  Society 

A  description  of  the  application  of  friction  wheels  to  ordinary  forms 
of  shaft  driving,  and  an  account  of  experiments  made  to  determine 
the  power  capacity  of  such  wheels  when  made,  of  compressed  straw 
fiber,  was  presented  to  the  Society  in  December,  1896,  under  the  cap- 
tion of  "Paper  Friction  Wheels."  The  facts  herewith  given  are  to 
be  accepted  as  an  extension  of  the  earlier  study. 

A    FRICTION    DRIVE 

2  A  friction  drive,  as  the  term  is  here  employed,  consists  of  a 
fibrous  or  somewhat  yielding  driving  wheel  working  in  rolling  contact 
with  a  metallic  driven  wheel.  Such  a  drive  may  consist  of  a  pair  of 
plain  cylindered  wheels  mounted  upon  parallel  shafts,  or  of  a  pair  of 
beveled  wheels,  or  of  any  other  arrangement  which  will  serve  in  the 
transmission  of  motion  by  rolling  contact.  The  use  of  such  drives 
has  steadily  increased  in  recent  years,  with  the  result  that  the  so 
called  paper  wheels  have  been  improved  in  quality  and  a  considerable 
number  of  new  materials  have  been  proposed  for  use  in  the  construc- 
tion of  fibrous  wheels. 

THE    WHEELS   TESTED 

3  Choosing  materials  which  have  been  used  for  such  purposes, 
driving  wheels  of  each  of  the  following  materials  have  been  tested: 

Straw  fiber, 

Straw  fiber  with  belt  dressing, 

Leather  fiber, 

Leather,  " 

Leather-faced  iron, 

Sulphite  fiber, 

Tarred  fiber. 

Presented  at  the  New  York  Meeting  (December  1907)  of  The  American 
Society  of  Mechanical  Engineers  and  forming  part  of  Volume  29  of  the  Transac- 
tions. 
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4  The  straw  fiber  wheels  are  worked  out  of  blocks  which  are  built 
up  usually  of  square  sheets  of  straw  board  laid  one  upon  another 
with  a  suitable  cementing  material  between  them  and  compacted 
under  heavy  hydraulic  pressure.  In  the  finished  wheel,  the  sheets 
appear  as  discs,  the  edges  of  which  form  the  face  of  the  wheel. 
The  material  works  well  under  a  tool,  but  is  harder  and  heavier  than 
most  woods  and  takes  a  good  superficial  polish.  The  wheel  tested 
was  taken  from  stock. 

5  The  wheel  of  straw  fiber  with  belt  dressing  was  similar  to  that 
of  straw  fiber,  except  that  the  individual  sheets  of  straw  board  from 
which  it  was  made  had  been  treated,  prior  to  their  being  converted 
into  a  block,  with  a  "belt  dressing,"  the  composition  of  which  is 
unknown  to  the  writer. 

6  The  leather  fiber  wheel  was  made  up  of  cemented  layers  of 
board,  as  were  those  already  described,  but  in  this  case,  the  board, 
instead  of  being  of  straw  fiber,  was  composed  of  ground  sole  leather 
cuttings,  imported  flax  and  a  small  percentage  of  wood  pulp.  The 
material  is  very  dense  and  heavy. 

7  The  leather  wheel  was  composed  of  layers  or  disks  of  sole 
leather. 

8  The  leather-faced  iron  wheel  consisted  of  an  iron  wheel  having 
a  leather  strip  cemented  to  its  face.  After  less  than  300  revolutions, 
the  bond  holding  the  leather  face  failed  and  the  leather  separated 
itself  from  the  metal  of  the  wheel.  This  wheel  proved  entirely  incap- 
able of  transmitting  power  and  no  tests  of  it  are  recorded. 

9  The  wheel  of  sulphite  fiber  was  made  up  of  sheets  of  board  com- 
posed of  wood  pulp.  The  sulphite  board  is  said  to  have  been  made 
on  a  steam-drying  continuous-process  machine  in  the  same  way  as  is 
the  straw  board. 

10  The  tarred  fiber  wheel  was  made  up  of  board  composed  princi- 
pally of  tarred  rope  stock,  imported  French  flax  and  a  small  per- 
centage of  ground  sole  leather  cuttings. 

11  Each  of  the  fibrous  driving  wheels  was  tested  in  combination 
with  driven  wheels  of  the  following  materials: 

Iron, 

Aluminums- 
Type  metal. 

All  wheels  tested,  both  driving  and  driven,  were  16  inches  in  diameter. 
The  face  of  all  driving  wheels  was  If  inch,  while  that  of  all  driven 
wheels  was  +  inch. 

12  The  purpose  of  the  experiments  was  to  secure  information 
which  would  permit  rules  to  be  formulated  defining  the  power  which 
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may  be  transmitted  by  the  various  combinations  of  fibrous  and  metal- 
lic wheels  already  described.  To  accomplish  this,  it  was  necessary  to 
determine  for  each  combination  of  driving  and  driven  wheel,  the 
coefficient  of  friction  under  various  conditions  of  operation;  also  the 
maximum  pressures  of  contact  which  can  be  withstood  by  each  of  the 
fibrous  wheels. 

13  The  testing  machine  used  is  shown  diagrammatically  by  Fig. 
1.  The  principles  involved  will  be  made  clear  by  assigning  the  func- 
tions of  the  actual  machine  to  the  several  parts  of  this  figure.  The 
shaft  A  runs  in  fixed  bearings,  and  carries  the  fibrous  friction  Avheel. 
This  wheel  is  the  driver.  Its  shaft  A  carries,  beside  the  friction  wheel, 
two  belt  pulleys,  one  on  either  side,  belts  to  which  from  any  conven- 


FIG.  1 
A  DIAGRAMMATIC  OUTLINE  OF  THE  TESTING  MACHINE 

lent  source  of  power,  serve  to  give  motion  to  the  driver.  The  shaft 
B  carries  the  driven  wheel  which  in  every  case  was  of  metal.  The 
bearings  of  this  shaft  are  capable  of  receiving  motion  in  a  horizontal 
direction  and  by  means  of  suitable  mechanism  connected  therewith, 
the  metal  driven  wheel  may  be  made  to  press  against  the  fibrous 
driver  with  any  force  desired.  The  pressure  transmitted  from  Bio  A 
is  hereinafter  referred  to  as  the  "pressure  of  contact,"  and  is  fre- 
quently represented  by  the  symbol  P.  The  tangential  forces  which 
are  transmitted  from  the  driver  to  the  driven  wheel  are  received,  ab- 
sorbed and  measured  by  a  friction  brake  upon  the  shaft  B.  In  action, 
therefore,  the  driven  wheel  always  works  against  a  resistance,  which 
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resistance  may  be  modified  to  any  desired  degree  by  varying  the  load 
upon  the  brake.  The  theory  of  the  machine  assumes  that  the  energy 
absorbed  by  the  brake  equals  that  transmitted  from  the  driver  to  the 
driven  wheel  at  the  contact  point  C.  Accepting  this  assumption, 
the  forces  developed  at  the  periphery  of  the  brake  wheel  may  reacUly 
be  reduced  to  equivalent  forces  acting  at  the  circumference  of  the 
driven  wheel.  This  force,  which  is  directly  transmitted  from  the 
driver  to  the  driven  wheel,  is  hereinafter  designated  by  the  symbol 
F.  It  will  be  apparent  from  this  description  that  the  functions  of 
the  apparatus  employed  are  such  as  will  permit  a  study  of  the  rela- 
tionship existing  between  the  contact  pressure  P  and  the  resulting 
transmitted  force  F,  which  relation  is  most  conveniently  expressed 
as  the  coefficient  of  friction.      It  is, 

/-   ^ 

P 

In  comparing  the  work  of  two  friction  wheels  it  is  obvious,  that  the 
one  which  develops  the  highest  coefficient  of  friction,  other  things 
being  equal,  can  be  depended  upon  to  transmit  the  greatest, amount 
of  power. 

14  The  actual  machine  as  used  in  the  experiments  is  shown  by 
Fig.  2.  Its  construction  satisfies  all  conditions  which  have  been 
defined  except  that  shaft  B,  Fig.  1,  does  not  run  in  bearings  which  are 
absolutely  frictionless,  as  is  required  by  a  rigid  adherence  to  the 
theoretical  analysis  already  given.  These  bearings,  however,  are  of 
the  "standard  roller  bearing"  type,  of  ample  size,  and  it  is  be- 
lieved that  the  friction  actually  developed  by  them  is  so  small  com- 
pared with  the  energy  transmitted  between  the  wheels  that  it  may  be 
neglected. 

15  The  bearings  of  the  fixed  shaft  A  are  secured  to  the  frame  of 
the  machine.  The  bearings  of  the  axle  B  are  free  to  move  horizon- 
tally in  guides  to  which  they  are  well  fitted.  These  bearings  are  con- 
nected by  links  to  the  short  arm  of  a  bell-crank  lever,  the  longer  arm 
of  which  projects  beyond  the  frame  of  the  machine  at  the  right  hand 
end  and  carries  the  scale-pan  and  weights  E.  The  effect  of  the 
weights  is  to  bring  the  driven  wheel  in  contact  with  the  driver  under  a 
predetermined  pressure,  the  proportions  of  the  bell-crank  lever  being 
such  as  to  make  this  pressure  in  pounds  equal, 

p  =  10  TF  +  73 

where  W  is  the  weight  on  the  scale-pan  E. 
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16  The  fulcrum  of  the  bell-crank  lever  is  supported  by  a  block  G 
which  may  be  adjusted  horizontally  by  the  hand  wheel  H  at  the  rear 
of  the  machine,  so  that  whatever  may  be  the  diameter  of  the  driven 
wheel,  the  long  arm  of  the  bell-crank  may  be  brought  to  a  horizon- 
tal position.  The  constants  employed  in  calculating  the  coefficient 
of  friction  from  observed  data  are  as  follows: 


PARTIAL  ELEVATION 


FIG.    2 

PLAN  AND  SECTION  OF  THE  TESTING  MACHINE 

Diameter  of  friction  wheels  (inches) 16 

Effective  diameter  of  brake  (inches) 18.35 

Ratio  of  diameter  of  friction  wheel  to  that  of  brake  wheel    ....    1 .  145 
Effective  load  on  brake F' 

Coefficient  of  friction 1 .  145 


F' 
P 


The  slippage  between  the  friction  wheels  was  determined  from  read- 
ings taken  from  the  counters  connected  to  each  one  of  the  shafts. 


THE    TESTS 


17     In  anticipation  of     a  test,  load  was  applied  to  the  scale-pan 
E,  Fig.  2,  to  give  the  desired  pressure  of  contact,  after  which  the  hand- 

aReproduced  from  Vol.  18,  Transactions. 
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wheel  H,  at  the  l)ai'k  of  the  machine  was  employed  to  Ijring  the  bell- 
crank  to  its  normal  position.  This  accomplished,  with  the  driving 
wheel  in  motion,  the  driven  wheel  would  roll  with  it  under  the  desired 
pressure  of  contact,  a  light  load  was  placed  upon  the  brake  to  intro- 
duce some  resistance  to  the  motion  of  the  driven  shaft,  and  the  effect 
of  such  load  in  producing  slippage  between  the  driver  and  driven 
wheel  was  from  time  to  time  noted.  When  the  rate  of  slippage 
had  become  constant,  time.w^as  noted  and  readings  of  the  count- 
ers taken  as  the  initial  data  of  a  test.  After  an  interval  varying 
from  one  hour  to  two  and  a  half  hours,  depending  upon  the  rate 
of  slip,  the  counters  were  again  read,  time  again  noted,  and  the 
test  assumed  to  have  ended.  From  the  readings  of  the  counters, 
and  from  the  known  diameters  of  the  wheels  in  contact,  the  per  cent 
of  slip  attending  the  action  of  the  friction  wheels  was  calculated. 
Three  facts  were  thus  made  of  record,  namely:  the  pressure  of  con- 
tact, the  coefficient  of  friction  developed,  and  the  per  cent  of  slip 
resulting  from  the  development  of  said  coefficient  of  friction. 

IS  This  record  having  been  completed,  the  load  upon  the  brake 
was  increased,  and  observations  repeated,  giving  for  the  same  pressure 
of  contact,  a  new  coefficient  of  friction  and  a  higher  percentage  of 
slip.  This  process  was  continued  until  the  slippage  became  exces- 
sive and  until  in  consequence  thereof,  the  rotation  of  the  driver  ceased. 
By  this  process  a  series  of  tests  was  developed  disclosing  the  relation 
between  slip  and  coefficient  of  friction  for  the  pressure  in  question. 
Such  a  series  having  been  completed,  the  load  upon  the  weight 
holder  E  was  changed,  giving  a  new  pressure  of  contact,  and  the 
whole  process  repeated.  As  the  work  proceeded,  curves  showing  the 
relation  of  coefficient  of  friction  and  slip  for  pressures  per  inch  width 
of  face  in  contact,  of  150  pounds  and  400  pounds,  respectively,  were 
secured.  The  curves  shown  by  Fig.  3  and  Fig.  4  for  the  straw  fiber 
driving  wheel,  in  contact  with  the  iron  driven  wheel  are  typical  in 
their  general  form  of  those  obtained  from  all  combinations  of  wheels. 

19  Having  completed  this  series  of  tests  at  constant  pressure,  a 
series  was  next  run  for  which  the  coefficient  of  slip  was  maintained 
constant  at  2  per  cent  and  the  pressure  of  contact  varied  from  values 
which  were  low  to  those  which  were  judged  to  be  near  the  maximum 
for  service  conditions,  with  results  which  in  all  cases  were  similar  in 
character  with  those  given  for  the  straw  fiber  and  ii'on  wheels,  as  set 
forth  by  Fig.  5.  The  numerical  values  of  the  points  for  other  com- 
binations were  not  the  same  as  those  shown  by  Fig.  5,  but  in  the  case 
of  most  of  the  combinations  the  coefficient  of  friction  at  constant  slip 
gradually  diminishes  as  the  pressure  of  contact  is  increased.     With 
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this  understanding  of  the  general  character  of  the  results,  the  precise 
facts  in  each  case  are  presented  in  numerical  form  rather  than  graph- 
ically.    See  Appendix.     Tal)le  IS. 

20  As  the  series  of  tests  involving  each  combination  of  wheels 
proceeded,  the  increase  in  pressure  of  contact  was  discontinued  when 
the  markings  made  upon  the  driving  wheel  by  the  metallic  follower 
became  so  distinct  as  to  suggest  that  a  safe  limit  had  been  reached, 
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COEFFICIENT  OF  FRICTION  AND  SLIP  UNDER  150  LBS.  PRESSURE 

but  later  when  all  other  data  had  been  secured,  tests  were  run  for  the 
purpose  of  determining  the  ultimate  resistance  of  the  fibrous  wheel 
to  crushing;.     The  details  of  these  will  be  described  later. 


Coefficient  of  Friction  Developed  by  the  Several  Combina- 
tions OF  Wheels 

STRAW    fiber    and    IRON 

21  The  results  of  experiments  involving  a  straw  fiber  driver,  and 
an  iron  driven  wheel  are  presented  in  the  Appendix  as  Tests  1  to  36, 
Table  1.  They  are  shown  graphically  in  Fig.  3,  4  and  5.  Fig.  4  and 
5  illustrate  the  relation  between  sUp  and  coefficient  of  friction  when 
the  two  wheels  are  working  together  under  pressures  per  inch  width 
of  150  and  400  pounds,  respectively. 

22  The  figures  show  that  although  the  values  of  the  coefficient  of 
friction  for  400  pounds  pressure  are  slightly  lower  than  corresponding 
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ones  for  150  pounds  pressures,  the  curves  are  sufficiently  similar  to 
establish  the  fact  that  the  law  governing  change  in  coefficient  of 
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friction  with  slip  is  independent  of  the  pressure  of  contact.     When 
the  slippage  is  2  per  cent,  the  coefficient  of  friction  is  0.425  for  a  con- 
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tact  pressure  of  150  pounds,  and  0.410  for  a  contact  pressure  of  400 
pounds.  That  the  coefficients  of  friction  for  all  pressures  between  the 
limits  of  150  pounds  and  400  pounds  are  practically  constant  is  well 
shown  by  the  diagram  Fig.  5.  The  pressure  of  400  pounds  is  the 
maximum  at  which  tests  of  this  combination'  of  wheels  were  run, 
though  straw  fiber  was  successfully  worked  up  to  a  pressure  of  750 
pounds. 

STRAW    FIBER    AND    ALUMINUM 

23  The  results  of  experiments  involving  a  straw  fiber  driver  and 
an  aluminum  driven  wheel  are  given  in  the  Appendix  as  Tests  37  to 
60,  Table  1.  By  curves  plotted  from  values  given,  it  can  be  shown 
that  when  the  working  pressure  is  150  pounds  per  inch  width  and  the 
slippage  is  2  per  cent,  the  coefficient  of  friction  is  0.455;  also,  that  for 
all  pressures  ranging  from  100  to  400  pounds,  the  coefficient  of  fric- 
tion is  practically  constant  when  the  rate  of  slip  is  constant.  The 
maximum  pressure  at  which  tests  involving  this  combination  of 
wheels  were  run  was  400  pounds  per  inch  width. 

STRAW    FIBER    AND    TYPE    METAL 

24  The  results  of  experiments  involving  a  straw  fiber  driver  and  a 
type  metal  driven  wheel  are  presented  in  the  Appendix  as  Tests  61  to 
87,  Table  1.  By  curves  plotted  from  values  given,  it  can  be  shown 
that  when  the  two  wheels  are  operated  under  a  pressure  of  contact  of 
150  pounds  per  inch  width  and  when  the  sUp  is  2  per  cent,  the  coeffi- 
cient of  friction  is  0.310;  also,  that  for  all  pressures  of  contact  rang- 
ing from  100  to  400  pounds,  the  coefficient  of  friction  is  practically 
constant  when  the  slip  is  constant. 

STRAW    FIBER    WITH    BELT    DRESSING    AND    IRON 

25  The  results  of  the  experiments  involving  a  straw  fiber  driver 
treated  with  belt  dressing,  and  an  iron  driven  wheel  are  presented  in 
the  Appendix  as  Tests  88  to  103,  Table  2.  Curves  plotted  from 
values  given  show  that  when  the  two  wheels  are  worked  together 
under  a  pressure  of  150  pounds  per  inch  width  and  when  the  sUp  is 
2  per  cent,  the  coefficient  of  friction  is  0.12;  also,  that  for  all  pres- 
sures up  to  400  pounds  per  inch  width,  the  coefficient  of  friction 
remains  constant.  The  greatest  pressure  at  which  tests  of  this  com- 
bination of  wheels  were  run  was  500  pounds  per  inch  width. 
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LEATHER    FIBER    AND   IRON 

26  The  results  of  tests  involving  a  leather  fiber  driver  and  an 
iron  driven  wheel  are  presented  in  the  Appendix  as  Tests  104  to  127, 
Table  3.  Curves  plotted  from  these  results  show  that  when  the  two 
wheels  are  worked  together  under  pressures  of  150  pounds'  per  inch 
in  width  and  when  the  slip  is  2  per  cent,  the  coefficient  of  friction  is 
0.515.  When  the  contact  pressure  is  300  pounds  per  inch  width,  the 
coefficient  of  friction  is  0.510.  The  greatest  pressure  at  which  tests 
of  this  combination  of  wheels  were  run  was  350  pounds  per  inch  width, 
although  leather  fiber  was  successfully  worked  up  to  a  pressure  of 
1200  pounds  per  inch  width. 

LEATHER    FIBER    AND    ALUMINUM 

27  The  results  of  experiments  involving  a  leather  fiber  driver  and 
an  aluminum  driven  wheel  are  presented  in  the  Appendix  as  Tests 
128  to  134,  Table  3.  Curves  plotted  from  these  results  show  that 
under  a  contact  pressure  of  150  pounds  per  inch  width  and  a  slip  of 
2  per  cent,  the  coefficient  of  friction  is  0.495.  This  value  remains 
practically  constant  under  all  pressures.  The  maximum  pressure 
used  in  tests  of  this  combination  of  wheels  was  400  pounds. 

LEATHER     FIBER     AND    TYPE     METAL 

2<S  The  results  of  experiments  involving  a  leather  fiber  driver  and 
a  type  metal  driven  wheel  are  presented  in  the  Appendix  as  Tests 
135  to  146,  Table  3.  Curves  plotted  from  these  results  show  that 
when  the  wheels  are  operated  under  a  contact  pressure  of  150  pounds 
per  inch  width  and  when  the  slip  is  2  per  cent,  the  coefficient  of  fric- 
tion is  0.305;  also,  that  with  the  slip  constant,  the  coefficient  of  fric- 
tion remains  constant  for  all  pressures  up  to  400  pounds  per  inch 
width. 

TARRED    FIBER    AND    IRON 

29  The  results  of  the  experiments  involving  a  tarred  fiber  driver 
and  an  iron  driven  wheel  are  presented  in  the  Appendix  as  Tests  147 
to  166  and  267  to  269,  Table  4.  Curves  plotted  from  these  results 
show  that  the  change  in  the  value  of  the  coefficient  of  friction  with 
change  of  slip  is  practically  independent  of  the  pressure  of  contact. 
When  the  slip  is  2  per  cent,  the  coefficient  of  friction  is  0.220  for  a 
pressure  of  contact  of  150  pounds,  and  0.250  for  a  pressure  of  contact 
of  400  pounds  per  inch  width. 
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30  The  fact  that  the  data  for  this  combination  appear  in  two 
series  results  from  the  use  of  a  duphcate  tarred  fiber  driver.  Tests 
of  this  combination  were  made  also  under  different  speeds  when  the 
wheels  were  working  together  under  a  pressure  of  contact  of  250 
pounds  per  inch  width  and  when  the  slip  was  2  per  cent,  with  the 
result  that  the  coefficient  of  friction  was  found  to  remain  nearly 
constant  for  peripheral  speeds  of  450  and  3350  feet  per  minute, 
respectively.  The  greatest  pressure  at  which  tests  of  this  combi- 
nation of  wheels  were  run  was  400  pounds  per  inch  width,  although 
tarred  fiber  was  successfully  worked  up  to  a  pressure  of  1200  pounds 
per  inch  width. 

TARRED    FIBER    AND    ALUMINUM 

31  The  results  of  experiments  involving  a  tarred  fiber  driver  and 
an  aluminum  driven  wheel  are  presented  in  the  Appendix  as  Tests 
167  to  186,  Table  4.  Curves  plotted  from  these  results  show  that 
when  the  slip  was  2  per  cent  and  the  pressure  of  contact  150  pounds 
per  inch  width,  the  coefficient  of  friction  is  0.305;  also,  that  for  a 
pressure  of  400  pounds  per  inch  width,  the  coefficient  of  friction  is 
0.295.  The  greatest  pressure  at  which  tests  of  this  combination  were 
run  was  400  pounds  per  inch  width. 

TARRED    FIBER    AND   TYPE    METAL 

32  The  results  of  experiments  involving  a  tarred  fiber  driver  and 
a  type  metal  driven  wheel  are  presented  in  the  Appendix  as  Tests  187 
to  202,  Table  4.  Curves  plotted  from  these  results  show  that  when 
the  slip  is  2  per  cent,  the  coefficient  of  friction  developed  under  150 
pounds  pressure  per  inch  width  is  0.275 ;  and  under  400  pounds  pressure 
per  inch  width,  the  coefficient  of  friction  is  0.270.  The  maximum 
pressure  at  which  tests  of  this  combination  of  wheels  were  run  was 
400  pounds  per  inch  width. 

LEATHER    AND    IRON 

33  The  results  of  experiments  involving  a  leather  driver  and  an 
iron  driven  wheel  are  presented  in  the  Appendix  as  Tests  203  to  220, 
Table  5.  Curves  plotted  from  these  results  show  that  when  the 
slip  is  2  per  cent,  the  coefficient  of  friction  under  a  pressure  of  contact 
of  150  pounds  per  inch  in  width,  is  0.225,  and  under  a  pressure  of  400 
pounds,  0.215.  The  maximum  pressure  at  which  tests  of  this  com- 
bination of  wheels  were  run  was  400  pounds  per  inch  width,  although 
the  leather  driver  was  successfully  operated  up  to  a  pressure  of  750 
pounds  per  inch  width. 
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LEATHER    AND    ALUMINUM 

34  The  results  of  experiments  involving  a  leather  driver  and  an 
aluminum  driven  wheel  are  presented  in  the  Appendix  as  Tests  221  to 
234,  Table  5.  Curves  plotted  from  these  results  show  that  when  the 
pressure  is  150  pounds  per  inch  in  width,  and  the  slip  is  2  per  cent,  the 
coefficient  of  friction  is  0.260,  and  when  the  pressure  is  300  pounds  per 
inch  in  width,' the  coefficient  of  friction  is  0.295.  The  maximum 
pressure  at  which  tests  of  this  combination  of  wheels  were  made  was 
350  pounds  per  inch  width. 

LEATHER    AND    TYPE    METAL 

35  The  results  of  the  experiments  involving  a  leather  driver  and  a 
type  metal  driven  wheel  are  presented  in  the  Appendix  as  Tests  235  to 
239,  Table  5.  Curves  plotted  from  these  results  show  that  when  the 
slip  is  2  per  cent  and  the  contact  pressure  150  pounds  per  inch  width, 
the  coefficient  of  friction  developed  is  0.410.  The  greatest  pressure 
at  which  tests  of  this  combination  of  wheels  were  run  was  350  pounds 
per  inch  width. 

SULPHITE    FIBER    AND    IRON 

36  The  results  of  the  experiments  involving  a  sulphite  fiber 
driver  and  an  iron  driven  wheel  are  presented  in  the  Appendix  as 
Tests  240  to  245,  Table  5.  Curves  plotted  from  these  results  show 
that  when  the  slip  is  2  per  cent  and  the  pressure  150  pounds  per  inch 
width,  the  coefficient  of  friction  is  0.550.  The  maximum  pressure 
at  which  tests  of  this  combination  of  wheels  were  run  was  350  pounds 
per  inch  width,  although  the  sulphite  fiber  wheel  was  successfully 
operated  up  to  a  pressure  of  700  pounds  per  inch  width. 

SULPHITE    FIBER    AND    ALUMINUM 

37  The  results  of  the  experiments  involving  a  sulphite  fiber  driver 
and  an  aluminum  wheel  are  presented  in  the  Appendix  as  Tests  245  to 
249,  Table  5.  Curves  plotted  from  these  values  show  that  when  the 
slip  is  2  per  cent  and  the  pressure  150  pounds  per  inch  width,  the 
coefficient  of  friction  developed  is  0.410.  The  greatest  pressure  used 
in  tests  of  this  combination  of  wheels  was  350  pounds  per  inch 
width. 

SULPHITE    FIBER    AND    TYPE    METAL 

38  The  results  of  the  experiments  involving  a  sulphite  fiber  driver 
and  a  type  metal  driven  wheel  are  presented  in  the  Appendix  as 
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Tests  250  to  254,  Table  6.  Curves  plotted  from  these  results  show 
that  when  the  slip  is  2  per  cent  and  the  contact  pressure  150  pounds 
per  inch  width,  the  coefficient  of  friction  is  0.515.  The  maximum 
pressure  used  in  tests  of  this  combination  of  wheels  was  350  pounds 
per  inch  width. 

RESISTANCE    TO    CRUSHING 

39  Upon  the  completion  of  tests  designed  to  disclose  the  fric- 
tional  qualities  of  the  several  combinations,  each  fibrous  wheel  was 
subjected  to  a  test  designed  to  disclose  the  maximum  pressure  per 
inch  width  of  the  face  which  could  be  sustained  by  it.  This  was 
accomplished  by  placing  the  wheel  to  be  tested  in  the  machine, 
under  a  pressure  of  contact  of  200  pounds  per  inch  width.  The  load 
on  the  brake  was  then  adjusted  to  give  a  2  per  cent  slip.  Thus 
adjusted,  the  machine  was  operated  until  the  driver  had  completed 
15  000  revolutions,  after  which  and  for  the  purpose  of  determin- 
ing the  reduction,  if  any,  in  the  diameter  of  the  fibrous  wheel,  the 
brake  load  was  removed  and  the  operation  of  the  machine  con- 
tinued without  load  for  a  period  of  6000  revolutions,  the  readings 
of  the  counters  being  taken  at  the  beginning  and  end  of  the  period. 
With  no  load,  the  actual  slip  was  assumed  to  be  zero  and  the  appar- 
ent slip  observed  was  used  for  determining  the  reduction  in  diameter 
of  the  fibrous  wheel  which  had  been  brought  about  by  the  previous 
running  under  pressure.  This  accomplished,  the  pressure  of  contact 
was  increased,  usually  by  100-pound  increments,  and  the  whole  opera- 
tion repeated.  This  process  was  continued  until  failure  of  the  fibrous 
wheel  resulted.  It  will  be  seen  that  the  ultimate  resistance  to 
crushing,  as  found  by  the  process  described,  is  that  pressure  which 
could  not  be  endured  during  15  000  revolutions. 

40  A  summary  of  results  is  as  follows: 

STRAW   FIBER 
Decrease  Decrease  Decrease 

Load  in  diam.     Load  in  diain.     Load  in  diam. 

200 0.000    650 0.053    750.... 0.125 

Note — The  wheel  failed  before  running  15  000  revolutions  under  750  pounds 
pressure. 

LEATHER    FIBER 
Decrease  Decrease  Decrease 

Load  in  diam.     Load  in  diam.     Load  in  diam. 

200 0.000  600 0.027  1000. 0.099 

300 0.005  700 n.040  1100.. 0.125 

400 0.013  800 0.051  1200- 0.200 

500 0.021  900 .0.068 

Note— The  wheel  failed  before  running  15  000  revolutions  under  1200  pounds 
pressure. 
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TARRED   FIBP;R 

Decrease  IJecrease  Decrease 

Load  in  diam.    Load  in  diam.     Load  in  diam. 

200 0.000  600 0.071  1000 0.250 

300 0.026  700 0.098  1100 0.295 

400 0.038  800 0.138  1200 

500 0.052  900 0.182 

Note — The  wliecl  failed  before  running  15  000  revolutions  under  1200  pounds 
pressure. 

LEATHER 

Decrease  Decrease  Decrease 

Load  in  diam.     Load  in  diam.     Load  in  diam. 

350 0 .  047    550 0 .  150    750 

450 0.090    650 0.240 

Note — The  wheel  failed  before  running  15  000  revolutions  under  750  pounds 

pressure. 

SULPHITE   FIBER 

Decrease  Decrease  Decrease 

Load  in  diam.     Load  in  diam.      Load  in  diam. 

200 0.010   400 0.056   600 0.146 

300 0.032   500 0.088    700 0.258 

Note— The  wheel  failed  before  running  15  000  revolutions  under  700  pounds 
pressure. 

A   CONCLUSION   AS   TO    METAL    WHEELS 

41  An  examination  of  Table  9,  which  presents  a  comparison  of 
values  representing  the  coefficient  of  friction  of  the  several  combina- 
tions of  wheels  tested,  reveals  the  fact  that  the  relative  value  of  the 
metal  driven  wheels  is  not  the  same  when  operated  in  combination 
with  different  fibrous  driving  wheels.  It  appears  that  those  driving 
wheels  which  are  the  more  dense,  work  more  efficiently  with  the  iron 
follower  than  with  either  the  aluminum  or  type  metal  followers  but 
in  the  case  of  the  softer  and  less  dense  driving  wheels,  and  especially 
in  the  case  of  those  in  which  an  oily  substance  is  incorporated,  driven 
wheels  of  aluminum  and  type  metal  are  superior  to  those  of  iron. 
Finely  powdered  metal  which  is  given  off  from  the  surface  of  the  softer 
metal  wheels  seems  to  account  for  this  effect  and  the  character  of  the 
driving  wheels  is  perhaps  the  only  factor  necessary  to  determine 
whether  its  presence  will  be  beneficial  or  detrimental.  Finally,  with 
reference  to  the  use  of  soft  metal  driven  wheels,  it  should  be  noted 
that  no  combination  of  such  wheels  with  a  fibrous  driver  appears 
to  have  given  high  frictional  results.  Except  when  used  under 
very  light  pressures,  the  wear  of  the  type  metal  was  too  rapid  to 
make  a  wheel  of  this  material  serviceable  in  practice. 

CONCLUSIONS    AS   TO    FIBROUS    WHEELS 

42  The  relative  value  of  the  different  fibrous  wheels  when  em- 
ployed as  drivers  in  a. friction  drive  may  be  judged  by  comparing  their 
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frictional  qualities  as  set  forth  in  Table  9  and  their  strength  as  set 
forth  in  paragraph  41.  The  results  show  at  once  that  the  addition  of 
belt  dressing  to  the  composition  of  a  straw  fiber  wheel  is  fatal  to  its 
frictional  qualities.  The  highest  frictional  qualities  are  possessed  by 
the  sulphite  fiber  wheel  which,  on  the  other  hand,  is  the  weakest  of 
all  wheels  tested.  The  leather  fiber  and  tarred  fiber  are  exceptionally 
strong  and  the  former  possesses  frictional  qualities  of  a  superior  order. 
The  plain  straw  fiber  which  in  a  commercial  sense  is  the  most  avail- 
able of  all  materials  dealt  with,  when  worked  upon  an  iron  follower, 
possesses  frictional  qualities  which  are  far  superior  to  leather,  and 
strength  which  is  second  only  to  the  leather  fiber  and  the  tarred  fiber. 

The  Power  Capacity  of  Friction  Gears 

concerning  the  application  of  results 

43  A  review  of  the  data  discloses  the  fact  that  several  of  the  fric- 
tion wheels  tested  developed  a  coefficient  of  friction  which  in  some 
cases  exceeded  0.5.  That  is,  such  wheels  rolling  in  contact  have 
transmitted  from  driver  to  driven  wheels  a  tangential  force  equal  to 
50  per  cent  of  the  force  maintaining  their  contact.  These  wheels, 
also,  were  successfully  worked  under  pressures  of  contact  approaching 
500  pounds  per  inch  in  width.  Employing  these  facts  as  a  basis  from 
which  to  calculate  power,  it  can  readily  be  shown  that  a  friction  wheel 
a  foot  in  diameter,  if  run  at  1000  revolutions  per  minute,  can  be  made 
to  deliver  in  excess  of  25  horse  power  for  each  inch  in  width.  It  is 
certainly  true  that  any  of  the  wheels  tested  may  be  employed  to 
transmit  for  a  limited  time  an  amount  of  power  which,  when  gaged 
by  ordinary  measures,  seems  to  be  enormously  high,  but  obviousl}", 
performance  under  limiting  conditions  should  not  be  made  the  basis 
from  which  to  determine  the  commercial  capacity  of  such  devices. 
In  view  of  this  fact,  it  is  important  that  there  be  drawn  from  the  data 
such  general  conclusions  with  reference  to  pressures  of  contact,  and 
frictional  qualities  as  will  constitute  a  safe  guide  to  practice. 

WORKING  PRESSURE  OF  CONTACT 

44  The  results  of  these  experiments  do  not  furnish  an  absolute 
measure  of  the  most  satisfactory  pressure  of  contact  for  service  con- 
ditions. Other  things  being  equal,  the  power  transmitted  will  be 
proportional  to  this  pressure  and  hence  it  is  desirable  that  the  value 
be  made  as  high  as  practicable.  On  the  other  hand,  it  has  been  noted 
as  one  of  the  observations  of  the  test  that  as  higher  pressures  are  used, 
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there  appears  to  be  a  gradual  yielding  of  the  structure  of  the  fibrous 
wheels,  and  it  is  reasonable  to  conclude  that  the  life  of  a  given  wheel 
will  in  a  large  measure  depend  upon  the  pressure  under  which  it  is 
required  to  work.  After  a  careful  study  of  the  facts  involved,  it  has 
been  determined  to  base  an  estimate  of  the  power  which  may  be 
transmitted  upon  a  pressure  of  contact  which  is  20  per  cent  of  the 
ultimate  resistance  of  the  material  as  established  by  the  crushing 
tests  already  described.     This  basis  gives  the  following  results: 

SAFE   WORKING   PRESSURES   OF   CONTACT 

Pressure 

Straw  fiber 150 

Leather  fiber 240 

Tarred  fiber 240 

Sulphite  fiber 140 

Leather    1 50 

COEFFICIENT    OF   FRICTION 

45  The  coefficient  of  friction  for  all  wheels  tested  approaches  its 
maximum  value  when  the  slip  between  driver  and  driven  wheel 
amounts  to  2  per  cent  and,  within  narrow  limits,  its  value  is  practi- 
cally independent  of  the  pressure  of  contact.  A  summary  of  maxi- 
mum results  is  shown  by  Table  9.  In  view  of  the  facts  presented, 
it  is  proposed  to  base  a  measure  of  the  power  which  may  be  transmit- 
ted by  such  friction  wheels  as  those  tested  upon  the  frictional  quali- 
ties developed  at  a  pressure  of  150  pounds  per  inch  of  width,  when 
operating  under  a  load  calising  2  per  cent  slip.  For  safe  operation, 
however,  deductions  must  be  made  from  the  observed  values.  Thus, 
the  results  of  the  experiments  disclose  the  power  transmitted  from 
wheel  to  wheel,  while  in  the  ordinary  application  of  friction  drives 
some  power  will  be  absorbed  by  the  journals  of  the  driven  axle  so  that 
the  amount  of  power  which  can  be  taken  from  the  driven  shaft  will  be 
somewhat  less  than  that  transmitted  to  the  wheel  on  said  shaft. 
Again,  under  the  conditions  of  the  laborator}',  everj-  precaution  was 
taken  to  keep  the  surfaces  in  contact  free  of  all  foreign  matter.  It 
was,  for  example,  observed  that  the  accumulation  of  laboratory  dust 
upon  the  surfaces  of  the  wheels  had  a  temporary  effect  upon  the 
frictional  qualities  of  the  wheels,  and  friction  wheels  in  service  are  not 
likely  to  be  as  carefully  protected  as  were  those  in  the  laboratory. 
In  view  of  these  facts,  it  has  been  thought  proper  to  use  as  the  basis 
from  which  to  determine  the  amount  of  power  which  may  be  transmit- 
ted by  such  wheels  as  those  tested,  a  coeflficient  of  friction  which 
shall  be  60  per  cent  of  that  developed  under  the  conditions  of  the 
laboratory.     This  basis  gives  the  following  results: 
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COEFFICIENT    OF    FRICTION AVORKING    VALUES 

Coefficient  of  friction 

Straw  fiber  and  iron 0 .  255 

Straw  fiber  and  aluminum    • 0 .  273 

Straw  fiber  and  type  metal 0 .  186 

Leather  fiber  and  iron   0 .  309 

Leather  fiber  and  aluminum     0 .  297 

Leather  fiber  and  type  metal   0 .  183 

Tarred  fiber  and  iron   0 .  150 

Tarred  fiber  and  aluminum 0. 183 

Tarred  fiber  and  type  metal  0. 165 

Sulphite  fiber  and  iron 0 .  330 

Sulphite  fiber  and  aluminum 0 .  318 

Sulphite  fiber  and  type  metal    0.309 

Leather  and  iron    0 .  135 

Leather  and  aluminum 0 .  216 

Leather  and  type  metal    0.246 

HORSE    POWER 

46  Having  now  determined  a  safe  working  pressure  of  contact  and 
a  representative  value  for  tlie  coefficient  of  friction,  it  is  possible  to 
formulate  equations  expressing  the  horse  power  which  may  be  trans- 
mitted by  each  combination  of  wheels  tested.  Thus,  calling  d  the 
diameter  of  the  friction  wheel  in  inches,  W  the  width  of  its  face  in 
inches  and  A^  the  number  of  revolutions  per  minute,  the  equations 
become,  for  combinations  of, 

Straw  fiber  and  iron        .  .' h.p.  =  0 . 00030  dWN 

Straw  fiber  and  aluminum h.p.  =  0.00033  dWN 

Straw  fiber  and  type  metal h.p.  =  0.00022  dWN 

Leather  fiber  and  iron h.p.  =  0.00059  dWN 

Leather  fiber  and  aluminum   h.p.  =  0.00057  dWN 

Leather  fiber  and  type  metal h.p.  =  0.00035  dWN 

Tarred  fiber  and  iron    h.p.  =  0 .00029  dWN 

Tarred  fiber  and  aluminum   h.p.  =  0 .00035  dWN 

Tarred  fiber  and  type  metal    h.p.  =  0.00031  dWN 

Sulphite  fiber  and'iron  h.p.  =  0 .00037  dWN 

Sulphite  fiber  and  aluminum h.p.  =  0.00035  dWN 

Sulphite  fiber  and  type  metal h.p.  =  0.00034  dWN 

Leather  and  iron h.p.  =  0 .00016  dlFiV 

Leather  and  aluminum li.p.  =  0.00026  dWN 

Leather  and  type  metal  h.p.  =  0.00029  dWN 

47  By  use  of  the  first  of  these  formulae,  values  have  been  calcu- 
lated showing  the  horse  power  which  may  be  transmitted  by  a  straw 
fiber  driver  of  one  inch  width  of  face  in  contact  with  an  iron  driven 
wheel.     These  values  are  presented  as  Table  10  accompanying.     They 
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include  (liamcters  which  range  from  3  to  53  inches  and  speeds  of  revo- 
lutions ranging  from  100  to  2000.  While  the  values  of  this  table 
apply  only  to  a  combination  of  straw  fiber  and  iron,  it  is  possible  by 
the  use  of  a  mutiplier  to  secure  from  them  values  which  correspond 
to  other  combinations.     Such  a  list  of  mutipliers  is  given  below: 

MULTIPLIERS 

Straw  fiber  and  aluminum      =  1.10 

Straw  fiber  and  type  metal =  0 .  73 

Leather  fiber  and  iron     , =  1 . 97 

Leather  fiber  and  aluminum    =  1 .90 

Leather  fiber  and  type  metal     =  1.17 

Tarred  fiber  and  iron     =  0 .  97 

Tarred  fiber  and  aluminum     =  1.17 

Tarred  fiber  and  type  metal     =  1 .  03 

Sulphite  fiber  and  iron    =  1 .  23 

Sulphite  fiber  and  aluminum      =  1.17 

Sulphite  fiber  and  type  metal    =  1 .  13 

Leather  and  iron    =  0 .  53 

Leather  and  aluminum    =  0 .  87 

Leather  and  type  metal    =  0 .  97 

48  For  example,  to  determine  the  amount  of  power  which  can 
be  transmitted  by  a  given  friction  wheel  of  sulphite  fiber  working  upon 
an  iron  driven  wheel,  values  which  are  given  in  Table  10  should  be 
multiplied  by  1.2.  Such  of  these  multipliers  as  are  likely  to  be  most 
used  are  presented  with  the  table. 

49  A  more  flexible  means  of  approach  to  the  general  problem 
involved  by  the  use  of  fibrous  friction  wheels  than  that  given  by 
Table  10  is  supplied  by  Fig.  36.  This  chart  gives  a  convenient  means 
of  determining  the  value  of  any  one  of  the  variable  factors  in  the 
formula  h.  p.  =  0.0003  dWN  for  the  straw  fiber  friction  wheel  work- 
ing in  combination  with  an  iron  follower,  the  remaining  factors  being 
known  or .  assumed. 

a  To  find  peripheral  speed,  locate  the  intersection  of  the  vertical 
line  representing  the  given  speed  in  revolutions  per  min- 
ute with  the  diagonal  one  representing  the  given  diam- 
eter. The  horizontal  line  passing  through  this  poi*it 
will  give  the  surface  speed  in  feet  per  minute  on  the  verti- 
cal scale  to  the  right  of  the  diagram. 

h  To  find  the  horse  power  for  a  given  wheel,  locate  the  intersec- 
tion of  the  vertical  line  representing  the  given  speed  in 
revolutions  per  minute  with  the  diagonal  line  representing 
the  given  diameter.  Follow  the  horizontal  hne  passing 
through  this  point  to  the  right  or  left  until  the  intersec- 
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tion  between  it  and  the  vertical  line  representing  the  given 
width,  as  shown  on  the  scale  at  the  top  of  the  diagram, 
is  reached  The  diagonal  line  passing  through  this 
point  marked  "Total  horse  power"  will  represent  the 
required  horse  power, 
c  To  find  the  face  width  of  a  given  wheel  necessary  to  transmit 
a  given  horse  power,  the  speed  being  known,  locate  the 
intersection  of  the  vertical  line  representing  the  given 
speed  in  revolutions  per  minute  with  the  diagonal  line 
representing  the  given  diameter.  Follow  the  horizon- 
tal line  passing  through  this  point  to  the  right  or  left 
until  the  intersection  between  it  and  the  diagonal  line 
representing  the  required  horse  power  is  reached.  The 
vertical  line  passing  through  this  point  will  give  the 
width  of  face  in  inches  on  the  scale  at  the  top  of  the 
diagram. 

Application  of  Results  to  Face  Friction  Gearing 

50  A  fibrous  driving  wheel,  acting  upon  the  face  of  a  metal  disk, 
constitutes  a  form  of  friction  gear  which  is  serviceable  for  a  variety 
of  purposes.  If  the  driver  is  so  mounted  that  it  may  be  moved  across 
the  face  of  the  disk,  the  velocity  ratio  may  be  varied,  and  the  direc- 
tion of  the  disk's  motion  may  be  reversed.  The  contact  is  not  one  of 
pure  rolhng.  If  the  driver  is  cyhndrical  in  form,  the  action  along 
its  Une  of  contact  with  the  disk  is  attended  by  slip,  the  amount  of 
which  changes  for  every  different  point  along  the  line.  The  recog- 
nition of  this  fact  is  essential  to  a  discussion  of  the  power  transmit- 
ting capacity  of  the  device. 

5 1  Experiments  involving  the  spur  form  of  friction  wheels  already 
described  have  shown  that  shp  greatly  affects  the  coefficient  of  fric- 
tion; that  the  coefficient  approaches  its  maximum  value  when  the 
slip  reaches  2  per  cent,  and  that  when  the  slip  exceeds  3  per  cent,  the 
coefficient  diminishes.  It  is  known  that  reductions  in  the  value  of 
th^  coefficient  with  increments  of  slip  beyond  3  per  cent  are  at  first 
gradual,  although  the  characteristics  of  the  testing  machine  have  not 
permitted  a  definition  of  this  relation  for  slip  greater  than  4  per  cent. 
The  experiments,  however,  fully  justify  the  statement  that  for  maxi- 
mum results,  the  sUppage  should  not  be  less  than  2  per  cent  nor  m.ore 
than  4  per  cent.  It  is  the  maximum  limit  with  which  we  are  con- 
cerned in  considering  the  amount  of  power  which  may  be  transmitted 
by  face  friction  gearing. 
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52  From  the  discussion  of  the  previous  paragraph,  it  should  be 
evident  that,  for  best  results,  the  width  of  face  of  the  friction  driver, 
and  the  distance  between  the  driver  and  center  of  disk,  should  always 
be  such  that  the  variations  in  the  velocity  of  the  particles  of  the  disk 
having  contact  with  the  driver  will  not  exceed  4  per  cent.  A  con- 
venient rule  which,  if  followed,  will  secure  this  condition,  is  to  make 
the  minimum  distance  between  the  driver  and  the  center  of  the  driven 
disk  twelve  times  the  width  of  the  face  of  the  driver.  For  example, 
a  driver  having  a  I  inch  width  of  face  should  be  run  at  a  distance  of 
3  inches  or  more  from  the  center  of  the  dislc.  Similarly,  drivers 
having  faces  ^,  1  or  2  inches  in  width  should  be  run  at  a  distance  from 
the  center  of  the  disc  of  not  less  than  6,  12  or  24  inches,  respectively. 
When  these  conditions  are  met,  all  formulae  for  calculating  the  power 
which  may  be  transmitted,  also,  the  values  of  Table  10,  apply  directly 
to  the  conditions  of  face  driving. 

53  It  may  not  infrequently  happen  that  friction  wheels  must  be 
run  nearer  the  center  of  the  disk  than  the  distance  specified,  and 
there  is,  of  course,  no  objection  to  such  practice,  but  it  should  not  be 
forgotten  that  as  the  center  of  the  disk  is  approached,  the  coeffici- 
ent of  friction,  and  consequently,  the  capacity  to  transmit  power, 
diminishes. 

CONDITIONS   TO    BE    OBSERVED    IN   THE   INSTALLATION    OF    FRICTION 

DRIVES 

54  Whatever  may  be  the  form  of  the  transmission,  the  fibrous 
wheel  must  always  be  the  driver.  Neglect  of  this  rule  is  likely  to 
result  in  failure  which  will  appear  in  the  unequal  wear  of  the  softer 
wheel,  occasioned  by  slippage. 

55  The  rolling  surfaces  of  the  wheel  should  be  kept  clean.  Ordi- 
narily, they  should  not  be  permitted  to  collect  grease  or  oil,  nor  be 
exposed  to  excessive  moisture.  Where  this  can  not  be  prevented,  a 
factor  of  safety  should  be  provided  by  making  the  wheels  larger  than 
normal  for  the  power  to  be  transmitted. 

56  Since  the  power  transmitted  is  directly  proportional  to  the 
pressure  of  contact,  it  is  a  matter  of  prime  importance  that  the  me- 
chanical means  employed  in  maintaining  the  contact  be  as  nearly  as 
possible  inflexible.  For  example,  arrangements  of  friction  wheels 
which  involve  the  maintenance  of  contact  through  the  direct  action 
of  a  spring  have  been  found  unsatisfactory,  since  any  defect  in  the 
form  of  either  wheel  introduces  vibrations  which  tend  to  impair  the 
value   of  the   arrangement.     It  is   recommended   that  springs   be 
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avoided  and  that  contact  be  secured  through  mechanism  which  is 
rigid  and  which  when  once  adjusted  shall  be  incapable  of  bringing 
about  any  release  of  the  pressure  to  which  it  is  set. 

ACKNOWLEDGMENTS 

57  The  writer  is  under  obligations  to  the  Rockwood  Manufac- 
turing Company  of  Indianapolis,  and  especially  to  Mr.  George  R. 
Rockwood  of  said  Company,  for  supplies  of  materials  and  for  helpful 
suggestions,  also,  to  Mr.  Paul  Diserens,  Junior  Member  of  the  Society, 
for  assistance  rendered  in  running  the  tests. 


APPENDIX 


A  Summary  of  Observed  and  Calculated  Results 


TABLE  1 

SUMMARY  OF  DATA    STRAW  FIBER 

No. 

Follower 

Revolutions 
per  minute 

Contact  pres- 
Slip  (percent)       sure  (pounds 
per  inch) 

Coefficient  of 
friction 

A 

B              ; 

C 

D                            E 

F 

1 
2 

Iron    

182 
173 
174 
207 
207 

200 
175 
200 
173 
203 

203 
205 
206 
173 
178 

170 
170 
220 
220 
220 

200 
157 
180 
174 
161 

165 
165 

211 
210 
222 

219 
216 
216 
210 
162 

212 
190 
195 
210 
190 

195 
215 
212 
200 
196 

197 
193 
213 
212 
213 

0.56                         150 
0.58                         150 
0.61                         150 
0.78                         150 
0.99                         150 

1.10                         150 
1.40                         150 
1.22                         150 
1.94                         150 
2.25                         150 

2.79  150 
2.33                         150 
3.15                         150 
1.04                         150 
1.75                         150 

2.00                         150 
3.90                         150 
2.02                         100 
2.00                          125 
2.10                         175 

1.80  200 
1.62                         225 
2.20                         150 
2.10                         200 
2.25                         250 

2.02                        300 
2.02                        350 
2.12                         400 
0.65                        400 
0.87                         400 

0.88                        400 
0.90                        400 
0.93                          400 
1 .  16                          400 
1.80                        400 

3.00                        400 
0.53                         150 
0.57                         150 
0 . 60                         1 50 

0.153 
0.179 

3 

0.213 

4 

0.271 

5 

6 

7 

Iron    

Iron    

0.313 

0.359 
0.386 

8 
9 

Iron    

0.381 
0.411 

10 

11 

12 

Iron    

Iron    

0.458 

0.473 
0.463 

13 

0.465 

14 

0.368 

15 
16 

Iron    

0.405 
0.432 

17 

0.446 

18 

0.430 

19 

0.431 

20 

21 
22 

Iron    

Iron    

0.432 

0.436 
0.440 

23 

0.420 

24 

0.427 

25 

26 
27 

Iron    

Iron    

0.422 

0.405 
0.401 

28 
29 

Iron    

0.410 
0.129 

30 
31 

Iron    

0.217 
0.228 

32 

0.234 

33 
34 

Iron    

0.275 
0.318 

35 

36 
37 

Iron    

Iron 

0.400 

0.435 
0.162 

38 

0.212 

39 

0.215 

40 
41 

Aluminum 

0.63 

0.78 
1.26 
1.56 
1.79 
1.90 

3.01 
3.26 
2.12 
1.90 
1.86 

150 

150 
1.^0 
150 
150 
150 

150 
150 
100 
100 
126 

0.244 
0.290 

42 

0.372 

43 

44 

Aluminum 

0.395 
0.421 

45 

46 

47 
48 
49 
50 

Aluminum 

Aluminum 

,  Aluminum 

Aluminum 

Aluminum 

0.446 

0.481 
0.499 
0.464 
0.458 
0.46'. 
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TABLE  1     SUMMARY  OF  DATA    STRAW  FIBER— Continued 


No. 


Follower 


Revolutions 
per  minute 


Slip  (percent) 


Contact  pres- 
sure (pounds 
per  inch) 


Coefficient  of 
friction 


B 


D 


E 


51 
52 
53 
54 
55 

56 
57 

58 
59 
60 

61 
62 
63 
64 
65 

66 
67 


70 

71 
72 
73 
74 
75 

76 

77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 


Aluminum. 
Aluminum. 
Aluminum. 
Aluminum. 
Aluminum. 

Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 

Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 

Type  Metal 
Type  Metal 
Tj^pe  Metal 
TjTje  Metal 
Type  Metal 

Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 

Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 
Tj'pe  Metal 

Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 

Type  Metal 
Type  Metal 


212 
212 
202 
203 
214 

202 
210 
210 
210 
210 

214 
180 
209 
223 
194 

226 
187 
220 
220 
188 

190 
220 
187 
180 
211 

180 
211 
218 
209 
173 

180 
208 
214 
211 
209 

208 
210 


2.27 
1.80 
1.86 
2.02 
2.10 

1.80 
2.20 
2.05 
2.15 
1.93 

0.50 
0.58 
0.63 
0.71 
0.73 

0.84 
1.12 
1.18 
1.20 
1.50 

1.54 
1.70 
1.73 
2.01 
2.07 

2.40 
3.48 
3.84 
4.80 
1.70 

1.84 
2.00 
1.90 
2.30 
2.01 

2.10 
2.10 


125 
175 
175 
200 
200 

225 
250 
300 
350 
400 


150 
150 
150 
150 
150 

150 
150 
150 
150 
150 

150 
150 
150 
150 
100 

125 
150 
175 
200 
225 

250 
300 


0.462 
0.451 
0.471 
0.468 
0.453 

0.445 
0.458 
0.445 
0.437 
0.440 


150 

0.114 

150 

0.164 

150 

0.153 

150 

0.191 

150 

0.199 

0.229 
0.233 
0.244 
0.262 
0.246 

0.252 
0.276 
0.256 
0.290 
0.302 

0.298 
0.317 
0.308 
0.332 
0.327 

0.317 
0.306 
0.295 
0.295 
0.294 

0.288 
0.290 


TABLE  2    SUMMARY  OF  DATA    STRAW  FIBER  BELT  DRESSING 


No. 


Follower 


Revolutions 
per  minute 


,  ,,!  Contact  pres- 

Slip  (per  cent)      sure  (pounds 
per  inch) 


Coefficient  of 
friction 


100 
101 
102 


Iron. 
Iron. 
Iron. 
Iron. 
Iron. 

Iron. 
Iron. 
Iron. 
Iron. 
Iron. 


225 
225 
220 
225 
223 

224 
223 
220 

220 
182 


98  I    Iron. 

99  I    Iron. 


Iron. 
Iron. 
Iron. 


103  I  Iron. 


D 


0.80 
0.88 
1.33 
1.35 
1.60 

2.00 
2.15 
2.16 
3.31 
2.18 


E 

150 
150 
150 
150 
150 

150 
150 
150 
150 
200 


0.053 
0.061 
0.084 
0.092 
0.107 

0.119 
0.133 
0.111 
0.130 
0.122 


182 
180 
180 
186 
215 

2.30 
2.12 
2.18 
2.20 
2.20 

250 
300 
350 
400 
450 

0.124 
0.111 
0.109 
0.103 
0.100 

220 

2.20 

600 

0.100 

IIIG 
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TABLE  3 

SUMMARY  OF  DATA     LEATHER  FIBER 

No. 

Follower 

Revolutions 
per  minute 

Slip  (per  cent) 

Contact  pres- 
sure (pounds 
per  inch) 

Coefficient  of 
friction 

A 

B 

C 

D 

E 

F 

104 

Iron 

179 
175 

0.64 

0.70 

150 
150 

0.146 

105 

Iron 

0.213 

106 

Iron 

167 

0.75 

150 

0.262 

107 

Iron 

178 

0.86 

150 

0.297 

108 

Iron 

180 

0.94 

150 

0.396 

109 

Iron 

170 

1.30 

150 

0.411 

110 

Iron 

210 

1.54 

150 

0.460 

111 

Iron 

208 

1.58 

150 

0.484 

112 

Iron 

208 

1.74 

150 

0.505 

113 

Iron 

208 

1.90 

150 

0.519 

114 

Iron 

190 

2.32 

150 

0.534 

115 

Iron 

16S 

2.45 

150 

0.512 

116 

Iron 

168 

2.80 

150 

0.542 

117 

Iron 

191 

2.90 

150 

0.565 

118 

Iron ; 

206 

1.98 

200 

0.526 

119 

Iron ' 

200 

2.04 

250 

0.509 

120 

Iron 

200 

2.00 

300 

0.510 

121 

Iron 

200 
220 

2.05 
0.6-i 

350 
300 

0.498 

122 

Iron 

0.122 

123 

Iron 

200 

0.94 

300 

0.300 

124 

Iron 

198 

1.05 

300 

0.374 

125 

Iron 

190 

1.22 

300 

0.443 

126 

Iron 

211 

1.60 

300 

0.474 

127 

Iron 

190 

2.85 

300 

0.530 

128 

Aluminiim 

211 
211 

1.92 
2.01 

400 
350 

0.481 

129 

Aluminum 

0.480 

180 

Aluminum 

211 

2.10 

300 

0.485 

131 

Aluminum 

211 

2.15 

250 

0.502 

132 

Aluminum 

211 

2.00 

200 

0.490 

133 

211 
220 

2.00 
0.75 

150 
150 

0.490 

134 

Type  Metal 

0.163 

135 

Type  Metal 

220 

0.97 

150 

0.222 

136 

Tj-pe  Metal 

220 

1.05 

150 

0.222 

137 

Type  Metal ' 

220 

1.30 

150 

0.254 

138 

Type  Metal 

220 

1.78 

150 

0.298 

139 

Type  Metal 

220 

2.20            1 

150 

0.320 

140 

Type  Metal 

220 

2.75 

150 

0.336 

141 

Type  Metal 

220 

3.80 

150 

0.336 

142 

Type  Metal 

216 

2.05 

200 

0.304 

143 

Type  Metal 

216 

2.08 

250 

0.311 

144 

Type  Metal 

217 

2.10 

300 

0.313 

145 

Type  Metal 

207 

1.90 

350 

0.314 

146 

IVpe  Metal | 

207 

2.00           1 

400 

0.310 
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TABLE  4    SUMMARY  OF  DATA    TARRED  FIBER 


Follower 


Revolutions    L,.     ,  J  Contact  pres- 

per minute        °lip  (per  cent)]  sure   (pounds 
]       per  inch) 


Coefficient  of 
friction 


B 


197 

198 

199 

200 

201 

N-" 

202 

267 

268 

269 


Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron 

Iron , 

Iron , 

Iron 

Iron 

Aluminum. 
Aluminum. 
Aluminum. 
Aluminum. 
Aluminum. 

Aluminum. 
Aluminum. 
Aluminum. 
Aluminum. 
Aluminum. 

Aluminum. 
Aluminum. 
Aluminum. 
Aluminum. 
Aluminum. 

Aluminum. 
Aluminum. 
Aluminum. 
Aluminum. 
Aluminum. 

Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 

Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 
,  Type  Metal 

Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 
Type  Metal 

Type  Metal 

Iron 

Iron 

Iron 


220 

220 

220 
220 
220 

219 
218 
220 
220 
220 

220 
220 
220 
220 
220 

216 
219 
220 
220 
222 

220 
220 
221 
220 
220 

216 
220 
220 
220 
216 

215 
216 
219 
219 
220 

220 
180 
180 
191 
190 

230 
229 
227 
227 
227 

220 
220 
220 
220 
220 

220 
224 
225 
227 
226 

227' 
210 
211 
210 


D 


i 


0.30 
0.40 
0.50 
0.80 
1.15 

1.52 
2.05 
4.30 
1.85 
1.25 

1.40 
1.65 
1.36 
0.40 
0.45 

0.46 
0.56 
1.00 
1.74 
2.56 

0.30 
0.42 
0.55 
0.55 
0.60 

0.60 
0.72 
0.82 
1.10 
1.20 

1.40 
1.83 
2.50 
3.10 
2.12 

1.70 
2.10 
2.00 
1.90 
2.05 

0.54 
0.63 
0.70 
0.73 
0.80 

1.00 
1.10 
1.26 
1.60 
2.00 

2.75 
2.00 
2.00 
2.00 
2.00 

2.00 
1.90 
1.96 
2.16 


E 


150 
150 
150 
150 
150 

150 
150 
150 
200 
250 

300 
350 
400 
400 
400 

400 
400 
400 
400 
400 

400 
400 
400 
400 
400 

400 
400 
400 
400 
400 

400 
400 
400 
400 
150 

200 
250 
300 
350 
400 

400 
400 
400 
400 
400 

400 
400 
400 
400 
400 

400 
350 
300 
250 
200 

150 
200 
300 
400 


0.115 
0.160 
0.125 
0.190 
0.225 

0.235 
0.256 
0.275 
0.232 
0.217 

0.215 
0.216 
0.210 
0.115 
0.134 

0.151 
0.166 
0.191 
0.212 
0.223 

0.062 
0.145 
0.171 
0.212 
0.225 

0.200 
0.235 
0.245 
0.263  . 
0.270 

0.266 
0.286 
0.300 
0.310 
0.317 

0.300 
0.303 
0.300 
0.295 
0.290 

0.057 
0.083 
0.103 
0.117 
0.140 

0.211 
0.221 
0.220 
0.255 
0.270  1 

t-«  i-M  -^ 

0.285- 

0.270* 

0.275 

0.270 

0.269 

0.280 
0.174 
0.168 
0.164 
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TABLE  6    SUMMARY  OF  DATA     LEATHER 


No. 


Follower 


Revolutions 
per  minute 


Slip  (per  cent) 


Contact  pres- 
sure (pounds 
per  inch) 


Coefficient  of 
friction 


203 
204 
205 
206 
207 

208 
209 
210 
211 
212 

213 
214 
215 
216 
217 

218 
219 
220 
221 
222 

223 
224 
225 
226 
227 

228 
229 
230 
231 
232 

233 
234 
235 
236 
237 

238 
239 


B 


Iron  

Iron  

Iron  

Iron  

Iron  

Iron  

Iron  

Iron  

Iron  

Iron  

Iron  

Iron  

Iron  

Iron  

Iron  

Iron    

Iron    

Iron    

Aluminum 
Aluminum 

Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 

Aluminum 
Aluminum 
Aluminum 
Aluminum 
Aluminum 

Aluminum 
Aluminum 
Type  Metal 
Type  Metal 
Type  Metal 

Type  Metal 
Tjrpe  Metal 


215 
212 
212 
212 
211 

2U 
212 
213 
213 
211 

216 
215 
208 
212 
210 

212 
209 
213 
211 
209 

210 
213 
214 
210 
210 

209 
210 
211 
211 
213 

214 
215 
212 
213 
211 

214 
214 


D 


E 


0.65 
0.68 
0.86 
0.94 
0.95 

1.04 
1.10 
1.13 
1.35 
1.35 

1.56 
1.60 
2.00 
2.40 
2.30 

2.20 
1.92 
2.00 
0.64 
0.80 

1.12 
1.40 
1.70 
1.50 
1.85 

2.45 
3.00 
2.30 
2.00 
1.90 

1.92 
1.92 
1.90 
2.00 
2.10 

2.35 
2.00 


400 
400 
400 
400 
400 


0.113 
0.086 
0.109 
0.120 
0  137 


400 

0.153 

400 

0.160 

400 

0.137 

400 

0.183 

400 

0.176 

400 

0.163 

400 

0.183 

400 

0.200 

350 

0.245 

300 

0 .  244 

250 

0.237 

200 

0.225 

150 

0.213 

300 

0.115 

300 

0.160 

300 

0.201 

300 

0.233 

300 

0.260 

300 

0.267 

300 

0.279 

300 

0.310 

300 

0.313 

350 

0.320 

300 

0.305 

250 

0.316 

200 

0.348 

150 

0.380 

150 

0.412 

200 

0.400 

250 

0.389 

300 
350 


0.361 
0.350 


TABLE  6    SUMMARY  OF  DATA    SULPHITE  FIBER 


.'\            „  „                           Revolutions 
No.  [            Follower                    per  minute 

I  Contact  pres- 
Slip  (per  cent)      sure  (pounds 
per  inch) 

Coefficient  of 
friction 

At                 B                                   C 

D 

E 

F 

240  i    Iron 

241  Iron 

211 
211 
210 
211 
210 

211 

1.75 
2.15 
1.70 
1.90 
1.70 

2.00 

150 
200 
250 
300 
350 

150 

0.546 
0.549 

242  Iron 

243  Iron 

244  Iron 

0.550 
0.512 
0.505 

0.535 

246  Aluminum 

247  Aluminum 

211 
211 
211 
211 

2.20                          200 
2 .  26                          250 
2.10                          300 
2.10                          350 

0.527 
0.522 
0.520 

0.523 

250  t   Type  metal 

251  '  Type  metal 

252  Type  metal 

253  Type  metal 

254  Type  metal 

211 
211 
210 
211 
212 

1.80 
1.95 
1.90 
1.75 
1.75 

150 
200 
250 
300 
350 

0.505 
0.516 
0.513 
0.490 
0.510 
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TABLE  7     SUMMARY  OF  DATA    STRAW  FIBER— IRON 


Speed 


No. 


Revolutions 
per  minute 


Feet  per 
minute 


Slip  (per  cent) 


Contact  pres- 
sure   (pounds 
per  inch) 


Coefficient  of 
friction 


255 

107 

450 

2.15 

200 

0.446 

256 

107 

450 

2.06 

300 

0.443 

257 

107 

450 

2.02 

400 

0.412 

21 

200 

836 

1.80 

200 

0.436 

26 

165 

690 

2.02 

300 

0.405 

28 

211 

882 

2.12 

400 

0.410 

258 

800 

3350 

2.09 

150 

0.472 

259 

800 

3360 

2.05 

■    200 

0.480 

260 

800 

3350 

1.91 

250 

0.440 

TABLE  8     SUMMARY  OF  DATA     TARRED  FIBER— IRON 


.  Speed 

Slip  (per  cent) 

Contact   pres- 
sure (pounds 
per  inch) 

No. 

Revolutions 
per  minute 

Feet  per 
minute 

Coefficient  of 
friction 

A 

B 

C 

D 

E 

F 

261 
262 
263 
153 
156 

166 
264 
265 
266 

107 
107 
107 
218 
220 

220 
800 
800 
800 

450 
450 
450  j 
910 
920 

920 
3350 
3350 
3350 

1.88 
2.06 
1.90 
2.05 
2.00 

2.56 
2.04 
2.10 
1.85 

150 
250 
400 
150 
250 

400 
150 
250 
400 

0.290 
0.289 
0.287 
0.256 
0.240 

0.223 
0.306 
0.287 
0.301 

TABLE  g    COEFFICIENT  OF  FRICTION 


Coefficient  of 

Friction  when   Contact 
Pounds  Per  Inch 

Pressure   is   150 

Iron 

Aluminum 

Type   Metal 

0.550 
0.515 
0.425 
0.250 
0.225 

0.120 

0.530 
0.495 
0.455 
0.305 
0.360 

0.315 

0.305 

Straw  Fiber 

0.310 
0.275 

0.410 

Straw    fiber    with    belt 

FOLDER  2 
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TABLE  10 
Inch  Width  of  Face  bt  Straw  Fibeb  Friction  Wheels 


Hevglxitioms  Feb  Minute 


100 

0.09 
0.12 
0.15 
O.IS 
0.21 

0.24 
0.27 
0.30 
0.33 
0.36 

0.39 
0.12 
0.45 
0.4S 
0.51 

0.54 
0.57 
0.60 
0.63 
0.66 


0.84 
0.87 
0.90 
0.93 
0.96 

0.99 
1.02 
1.05 


1.20 
1.23 
1.26 

1.29 
1.32 
1.35 
1.32 
1.41 

1.44 
1.47 
1.50 


1 

120 

140 

0.11 

0.13 

0.14 

0.17 

O.IS 

0.21 

0.22 

0.25 

0.25 

0.29 

0.29 

0.34 

0.32 

0.38 

0.36 

0.42 

0.40 

0.46 

0.43 

O.SO 

0.47 

0.55 

0.50 

0.59 

0.54 

0.63 

0.5S 

0.67 

0.61 

0.61 

0.65 

0.66 

0.6S 

0.70 

0.72 

0.74 

0.76 

0.78 

0.79 

0.82 

0.83 

0.87 

0.86 

0.91 

0.90 

0.95 

0.94 

0.99 

0.97 

1.03 

1.01 

l.OS 

1.04 

1.12 

l.OS 

1.16 

1.12 

1.20 

1.15 

1.24 

1.19 

1.29 

1.22 

1.33 

1.26 

1.37 

1.30 

1.41 

1.33 

1.45 

1.37 

1.50 

1.40 

1.54 

1.44 

1.58 

1.48 

1.62 

1.51 

1.66 

1.55 

1.71 

1.58 

1.75 

1.62 

1.79 

1.66 

1.83 

1.69 

1.87 

1.73 

1.91 

1.76 

1.98 

1.80 

2.00 

i 

160 

0.14 
0.19 
0.24 
0.29 
0.34 

0.3S 
0.43 
0.48 
0.53 
0.58 

0.62 
0.67 
0.72 
0.77 
0.82 

0.88 
0.91 
0.96 
1.01 
1.06 

1.10 
1.13 
1.20 
1.25 
1.30 

1.34 
1.39 
1.44 


1.82 
1.87 
1.92 
1.97 
2.02 

2.0l. 
2.11 
2.1G 
2.21 
2.26 

2.30 
2.35 
2.40 


180 


0.16 
0.22 
0.27 
0.32 
0.3S 

0.43 
0.49 
0.54 
0.59 
0.65 

0.70 
0.76 
0.81 
0.86 
0.92 

0.97 
1.03 
l.OS 


1.51 

1.57 
1.62 
1.87 


2.05 
2.11 
2.16 
2.21 
2.27 

2.32 
2.38 
2.4:i 
2.48 
2.54 

2.59 
2.65 
2.70 


200 

220 

240 

260 

280 

300 

326 

360    1 

0.18 

0.20  ' 

0.22 

0.23 

0.25 

0.27 

0.29 

0.32 

0.24 

0.26 

0.29 

0.31 

0.24 

0.36 

0.39 

0.42 

0.30 

0.33 

0.38 

0.39 

0.42 

0.45 

0.49 

0.63 

0.36 

0.40 

0.43 

0.47 

0.60 

0.54 

0.69 

0.63 

0.42 

0.48 

0.50 

0.55 

0.59 

0.63 

0.68 

0.48 

0.53 

0.58 

0.62 

0.67 

0.72 

0.78 

0.84 

0.54 

0.59 

0.65 

0.70 

0.78 

0.81 

0.88 

0.95 

0.60 

0.66 

0.72 

0.78 

0.84 

0.90 

0.98 

1.06 

0.66 

0.73 

0.79 

0.86 

0.92 

0.99 

1.07 

1.16 

0.72 

0.79 

0.S6 

0.94 

1.01 

1.08 

1.17 

1.26 

0.78 

0.86 

0.94 

1.01 

1.09 

1.17 

1.27 

1.37 

0.84 

0.92 

1.01 

1.09 

I.IS 

1.26 

1.37 

1.47 

0.90 

0.99 

1.08 

1.17 

1.26 

1.35 

1.46 

1.58 

0.98 

1.06 

1.15 

1.25 

1.34 

1.44 

1.66 

1.68 

1.02 

1.12 

1.22 

1.33 

1.43 

1.63 

1.66 

1.79 

1.08 

1.19 

1.30 

1.40 

1.51 

1.62 

1.76 

1.89 

1.14 

1.25 

1.37 

1.4S 

1.60 

1.71 

1.85 

2.00 

1.20 

1.32 

1.44 

1.56 

1.6S 

1.-80 

1.95 

2.10 

1.26 

1.39 

1.51 

1.64 

1.76 

1.89 

2.05 

2.21 

1.32 

1.45 

1.58 

1.72 

1.85 

1.98 

2.16 

2.31 

1.38 

1.52 

1.88 

1.79 

1.93 

2.07 

2.24 

2.42   1 

1.44 

1.68 

1.73 

1.87 

2.02 

2.18 

2.34 

2.62 

1.50 

1.65 

1.80 

1.95 

2.10 

2.26 

2.44 

2.63   ! 

1.58 

1.72 

1.87 

2.03 

2.18 

2.34 

2.64 

2.73 

1.62 

1.78 

1.95 

2.11 

2.27 

2.43 

2.63 

2.84 

1.68 

1.S5 

2.02 

2.18 

2.35 

2.52 

2.73 

2.94 

1.74 

1.91 

2.09 

2,26 

2.44 

2.61 

2.83 

3.06 

1.80 

1.98 

2.18 

2.34 

2.62 

2.10 

2.93 

3.16 

1.88 

2.05 

2.23 

2.42 

2.60 

2.79 

3.02 

2.26 

1.92 

2.11 

2.31 

2.5J 

2.69 

2. 88 

3.12 

2.36 

1.98 

2.18 

2.38 

2.57 

2.77 

2.97 

3.22 

2.47   i 

2.04 

2.24 

2.45 

2.85 

2.88 

3.08 

3.32 

2.67 

2.10 

2.31 

2.52 

2.73 

2.94 

3.16 

3.41 

2.68 

2.10 

2.38 

2.59 

2.81 

3.02 

3.24 

3.61 

2.78 

2.22 

2.44 

2.67 

2.89 

3.11 

3.33 

3.61 

2.89 

2.28 

2.51 

2.74 

2.98 

3.19 

3.42 

3.71 

2.99 

2.34 

2.57 

2.81 

3.04 

3.28 

3.51 

3.80 

4.10 

2.40 

2.64 

2.88 

3.12 

3.36 

3.60 

3.90 

4.20 

2.46 

2.71 

2.95 

3.20 

3.44 

3.69 

4.00 

4.31 

2.52 

2.77 

3.03 

3.28 

3.53 

3.78 

4.10 

4.41 

2.58 

2.84 

3.10 

3.35 

3.61 

3.87 

4.19 

4.62 

2.64 

2.90 

3.17 

3.43 

3.70 

3.98 

4.29 

4.62 

2.70 

2.97 

3.24 

3.51 

3.78 

4.05 

4.39 

4.73 

2.76 

3.04 

3.31 

3.69 

3.86 

4.14 

4.49 

4.83   1 

2.82 

3.10 

3.39 

3.87 

3.95 

4.23 

4.58 

4.94 

2.88 

3.17 

3.46 

3.74 

4.03 

4.32 

4.68 

5.04 

2.94 

3.23 

3.53 

3.82 

4.12 

4.41 

4.78 

5.16 

3.00 

1 

3.30 

3.60 

3.90 

4.20 

4.60 

4.88 

5.26 

375       400       426 

0.34  '  0. 
0.46  '  0. 
0.58  I  0. 
0.68  i  0. 
0.79   I  0. 


2.26 
2.36 
2.48 

2.69 
2.70 
2.81 
3.93 
3.04 

3.13 
3.26 
3.38 
3.49 
3.60 

3.71 
3.83 
3.94 
4.05 
4.18 

4.28 
4.39 
4.50 
4.81 
4.73 


4.95 
6.06 
.I.IS 
6.29 


2.76      2.93 


3.00 
3.12 
3.24 


3.96 
4.08 
4.20 
4.32 
4.44 

4.58 


3.19 
3.32 
3.44 


4.21 
4.34 
4.46 
4.59 
4.72 

4.85 
4.97 
5.10 
2.23 
6.36 


6.12 
6.25 
6.38 


1.08 
1.22 
1.35 


2.03 
2.16 
2.30 


3.11 
3.24 
3.38 
3.51 
3.65 


3.70      3.92 
3.83 
3.95 
4.08 


4.46 
4.69 
4.73 


6.48 
8.62 
6.76 


0.43 
0.67 
0.71 
0.8« 
1.00 

1.14 
1.28 
1.43 
1.57 
1.71 

1.85 
2.00 
2.14 
2.28 
2.42 

2.57 
2.71 
2.85 
2.99 
3.14 

3.28 
3.42 
3.68 
3.71 
3.S5 

3.99 
4.13 
4.28 
4.42 
4.56 

4.70 


5.42 
5.66 
5.70 


8.13 
6.27 
8.41 
6.56 
6.70 

6.84 


1.20 
1.36 
1.50 
1.66 
1.80 

1.95 
2.10 
2.25 
2.40 
2.55 

2.70 
2.85 
3.00 
3.15 
3.30 

3.46 
3.60 
3.75 
3.90 
4.05 

4.20 
4.35 
4.50 
4.05 
4.80 

4.95 
5.10 
6.26 
6.40 
5.55 


650 

0.50 
0.68 
0.83 
0.99 
1.16 

1.32 
1.49 
1.86 
1.82 


3.30 
3.47 
3.63 


4.62 
4.79 
4.95 
6.12 
6.28 

6.45 
5.61 
6.78 
5.94 
6.11 


600 

0.64 

0.72 
0.90 
l.OS 
1.26 

1.44 
1.62 
1.80 
1.98 
2.16 

2.34 
2.52 
2.70 
2.88 
3.06 


4.14 
4.32 
4.50 


5.04 
5.22 
5.40 
6.6S 


6.94 
8.12 
6.30 


6.70 

8.27 

5.85 

8.44 

6.00 

6.60 

6.15 

8.77 

6.30 

6.46 

6.60 

6.76 

6.90 

650        700        750        800 


0.69 

0.78 
0.98 
1.17 
1.37 

1.66 
1.76 
1.96 
2.15 
2.34 

2.64 
2.73 
2.93 


3.51 
3.71 
3.90 


5.85 
6.06 
8.24 

6.44 
6.63 
6.83 


1.05 
1.26 
1.47 


2.10 
2.31 
2.52 

2.73 
2.94 
3.15 
3.38 
3.57 

3.78 
3.99 
4.20 
4.41 
4.82 

4.83 
5.04 
5.25 
5.46 
5.67 


6.30 
6.51 
6.72 


The  'formula  used  in  calculating  this  table  i 

h.  p.  =  0.0003  dWN 

Where  d  =  diameter  of  wheel 

W  =  width  of  face 

N  =  revolutions  per  minute. 


0.68 
0.90 
1.13 
1.35 


2.03 
2.25 
2.48 
2.70 

2.93 
3.16 
3.38 


4.06 
4.28 
4.50 
4.73 
4.95 

5.18 
6.40 
5.63 
5.85 
6.08 

6.30 
8.63 
6.75 


0.72 
0.90 
1.20 
1.44 
1.68 


6.62 
5.76 
8.00 
6.24 
6.48 

6.72 


850 

0.77 
1.02 
1.28 
1.53 
1.79 


900    1    950       1000      1100 


1.92 

2.04 

2.16 

2.30 

2.40 

2.55 

2.64 

2.81 

2.88 

3.06 

3.12 

3.32 

3.36 

3.. 57 

3.60 

3.83 

3.84 

4.08 

4.08 

4.34 

0.81 
1.08 
1.35 
1.62 


2.16 
2.43 
2.70 
2.97 
3.24 

3.57 

3.78 
4.05 
4.32 
4.59 


4.59  '  4.88 
4.85  '  5.13 
5.10  :  5.40 


6.87 
8.12 
6.38 
6.53 


1.43 
1.71 
2.00 

2.28 
2.67 
2.85 
3.14 
3.42 


3.99 
4. 23 
4.58 
4.85 


0.90 
1.20 
1.50 


2.40 
2.70 
3.00 
3.30 
3.60 

3.90 
4.20 
4.50 
4.80 
5.10 

5.40 
5.70 
8.00 
6.30 
6.60 


0.99 
1.32 
1.65 


3.96 

4.70 
4.62 
4.96 
5.28 
5.61 

5.94 
6.27 
8.60 
6.93 


1200  I  1300  I  1400   1500  '  1600  |  1700  1800  ISOO  20D0 


2.88 
3.24 
3.80 


5.40 
5.76 
6.12 


1.17 
1.56 
1.95 
2.34 


3.12 
3.61 
3.90 
4.29 


2.10 
2.52 
2.94 


4.20 
4.64 
5.04 

5.46 

5-88 
6.30 


1.36  1.44  1.S3 

1.80  1.92  2.04 

2.25  2.40  2.55 

2.70  2.88  3.06 

3-.  15  3.36  3.57 

3.60  3.84  4.08 

4.05  4.32  4.59 

4.50  4.80  5.10 

4.96  5.J8  5.61 

5.40  5.76  6.12 


4.32 
4.86 
5.40 


4.66  4.80 

5.13  5.40 

5.70  6.00 
6.27 


To  determine  the  power  which  may  be  transmitted  by  friction  wheels  of  sulphite  fiber. 
leather  fiber,  leather,  and  tarred  fiber  the  values  of  this  Ubie  should  be  multiphed  by  the 
following  constants: 


Sulphite  fiber 

1.23 

1.97 

0.63 

Tarred  fiber. 

0.97 
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INDUSTRIAL  EDUCATION 

The  Apprentice  System  of  the  New  York  Central  Lines 

Br  W.  B.  RUSSELL,  NEW  YORK 
Junior  Member  of  the  Society 

The  necessity  for  an  adequate  recruiting  system  for  the  supply  of 
trained  mechanics  is  evident  to  all  who  are  familiar  with  our  present 
industrial  conditions.  The  object  of  this  paper  is  to  present  the 
details  of  a  comprehensive,  practical  and  workable  apprentice  system, 
•  which  is  already  in  successful  operation,  and  which,  because  it  is 
constructed  upon  carefully  studied  basic  principles,  can  be  made  to 
work  under  all  conditions  and  in  any  branch  of  manufacturing  or 
repair  work. 

2  Efficient  apprentice  training  is  expected  not  alone  to  raise  the 
grade  of  mechanics,  and  to  provide  from  the  ranks  the  necessary 
leaders  and  officers,  but  also  to  produce  ultimately  an  organization 
in  which  men  and  officers  alike  can  think  intelligently,  an  organiza- 
tion replete  with  cooperation  and  efficiency;  with  its  members  bound 
together  by  association  and  by  training;  an  organization  fully 
equipped  to  meet  the  increased  demands  of  progress  and  competition. 
Our  large  manufactories  and  railroads  are  suffering  from  a  lack  of 
knowledge  of  their  men  and  the  possibilities  of  these  men.  Large 
companies  are  too  apt  to  go  outside  for  their  leading  employees 
simply  because  they  have  no  means  of  knowing  whom  they  have  in 
their  midst  capable  of  filling  the  important  positions.  It  is  not  the 
mere  training  of  workmen  that  is  needed.  We  want  also  a  system 
which  automatically  necessitates  intimate  knowledge  of  the  capacity 
and  possibihties  of  the  material  at  hand.  Nothing  will  reveal  or 
cause  ability  and  capacity  to  discover  itself  as  will  a  well  regulated 
apprentice  system. 

Presented  at  the  New  York  Meeting  (December  1907)  of  The  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  29  of  the  Transactions. 
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3  To  train  an  apprentice  and  not  to  make  use  of  him  when  out  of 
his  time  is  to  lose  the  best  results  of  the  effort,  and  yet  but  few  organi- 
zations at  the  present  time  are  prepared  to  make  intelUgent  use  of 
graduate  apprentices.  The  bright  boy  is  blamed  for  leaving  at  or 
before  the  completion  of  his  term,  but  the  fault  is  largely  due  to  the 
failure  of  his  employer  to  appreciate  his  true  value  and  to  make 
further  progress  possible.  It  is  not  economy  to  spend  three  or  four 
years  perfecting  a  boy  and  then  to  let  him  go,  and  a  continuance  of 
such  policy  will  ultimately  kill  the  best  apprentice  system.  Nothing 
less  than  a  complete  and  radical  change  of  policy  is  needed  in 
most  organizations  to  fit  them  both  to  attract  and  to  hold  appren- 
tices. 

4  The  apprentice  system  as  now  organized  on  the  New  York 
Central  Lines,  was  inaugurated  on  March  1,  1906,  by  Mr.  J.  F.  Deems, 
General  Superintendent  of  Motive  Power,  although  evening  schools 
for  apprentices  had  existed  for  a  number  of  years  at  several  of  the 
shops.  The  sj'stem  here  described  has  the  hearty  approval  of  both 
men  and  management.  It  is  a  cold-blooded  business  proposition, 
which  has  paid  for  itself  from  the  start,  and  which  has  not  a  particle 
of  philanthropy  connected  with  it. 

5  The  general  plan  is  two-fold  and  provides  for  shop  instruction 
of  the  apprentice  in  the  trade  and  for  his  instruction  in  educational 
subjects  allied  to  his  trade  during  working  hours  while  under  pay. 

6  A  shop  instructor  teaches  the  trade  in  the  regular  shop  and  on 
the  regular  work.  As  the  majority  of  the  apprentices  at  each  shop 
are  macliinists,  the  shop  instructor  is  preferably  an  up  to  date  all 
around  machinist  giving  instruction  in  the  machinist  trade,  but  with 
sufficient  knowledge  of  the  other  trades,  which  may  have  apprentices, 
to  be  able  to  supervise  intelligently  apprentices  in  those  trades.  If 
the  shop  is  small  he  gives  only  a  portion  of  his  time,  while  in  a  large 
shop  his  entire  time  is  taken  and  he  may  require  assistants.  He 
must  possess  the  necessary  tact  and  be  invested  with  sufficient 
authority  to  command  the  respect,  cooperation,  good  will  and  confi- 
dence of  all  concerned. 

7  The  educational  classes  are  taught  by  a  second  instructor  who 
may  be  either  a  draftsman,  an  advanced  mechanic,  or  a  mechaniqal 
engineer.  His  previous  education  is  of  less  importance  than  his 
ability  to  explain  simple  shop  problems,  and  his  appointment  should 
be  based  as  much  on  the  possibihties  of  his  development  as  on  his 
actual  attainments.  Pre\dous  experience  in  teaching  is  not  neces- 
sary, although  experience  in  teaching  evening  classes  may  prove 
helpful.     The  ideal  instructor  is  a  man  who  can  look  at  problems 
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from  the  stand  point  of  the  apprentice,  who  can  work  them  out  with 
the  apprentice,  and  who  can  bring  himself  to  reaUze  and  appreciate 
the  difficulties  as  they  present  themselves.  This  type  of  instructor 
may  often  be  the  man  who  is  obhged  to  study  nights  to  keep  ahead 
of  his  class.  The  educational  instructor  should  spend  only  a  part  of 
his  time  in  teaching,  and  will  be  able  to  keep  the  educational  work 
closer  to  company  practice  and  himself  in  line  of  promotion  in  the 
organization  if  he  at  the  same  time  retains  a  position  in  the  shop  or 
in  the  drafting  room.  Where  the  educational  work  is  sufficient  to 
require  the  full  time  of  one  man,  an  assistant  should  be  provided  and 
both  should  give  part  time  to  the  work. 

8  The  fact  that  the  shops  of  the  New  York  Central  Lines  are 
widely  separated,  necessitated  the  organization  of  a  central  depart- 
ment. Mr.  C.  W.  Cross,  who  was  well  known  throughout  the  New 
York  Central  system  as  the  master  mechanic  of  a  large  division,  was 
appointed  as  superintendent  of  apprentices  to  have  general  super- 
vision of  the  work.  The  educational  features  were  delegated  to  the 
author.  The  central  organization  was  also  desirable  to  procure  uni- 
formity of  effort  and  to  prevent  waste  of  time  and  energy  on  unprofit- 
able experiments.  The  problem  of  making  the  men  of  the  future 
is  one  of  such  magnitude,  and  the  questions  arising  on  a  large  rail- 
road system  are  so  numerous  that  it  is  necessary  to  have  one  or 
two  persons  who  shall  give  their  entire  time  tc  this  work. 

9  The  plan  is  now  in  operation  at  the  nine  larger  shops  of  the  sys- 
tem and  already  includes  about  five  hundred  apprentices.  A  uniform 
set  of  regulations  has  been  adopted  showing  the  classes  of  work  in 
the  shop  and  the  time  allotted  to  each  class.  These  regulations  have 
been  made  sufficiently  flexible  to  suit  the  various  conditions  in  dif- 
ferent shops,  to  insure  the  prompt  movement  of  all  apprentices  and 
yet  to  allow  more  rapid  movement  where  special  merit  warrants. 
Uniform  apprentice  certificates  are  issued  at  the  completion  of  the 
regular  course  which  entitle  the  holder  to  preference  in  employment 
at  all  shops  of  the  system. 

10  All  of  the  work  done  by  the  apprentices  is  a  part  of  the  shop 
output.  The  shop  instructor  is  present  to  make  each  machine  run 
at  its  best  ejfficiency,  even  when  handled  by  a '  'green' '  apprentice.  The 
apprentices  are  still  responsible  to  the  foreman  as  formerly,  but  the 
foreman  is  relieved  of  the  necessity  of  instructing  them  and  is  left 
free  to  run  his  department.  The  shop  instructor  passes  on  applicants 
for  apprenticeship  and  in  connection  with  the  educational  instructor 
recommends  dismissal  if  unsatisfactory  during  the  first  six  months. 
The  shop  instructor  also  arranges  the  changes  of  work  in  conference 
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with  the  foreman.  He  keeps  fully  informed  of  the  conditions  existing 
in  the  various  departments  of  the  shop;  he  is  in  close  touch  with  the 
foremen  and  gang  bosses;  he  knows  when  and  where  the  stress  of  work 
is  heaviest,  and  in  making  suggestions  and  recommendations  he  takes 
these  matters  into  account.  His  position  in  the  shop  is  such  that  his 
judgment  is  accepted  by  the  foreman,  and  his  recommendations 
followed  by  the  shop  superintendent.  His  personality  is  such  that 
he  inspires  the  respect,  and  at  the  same  time  invites  the  confidences 
of  the  apprentice.  From  the  nature  of  his  work  he  is  kept  in  touch 
with  the  latest  shop  practice  and  is  in  line  of  promotion  in  the  shop 
organization. 

11  Class  room  instruction  is  largely  individual,  as  the  same  class 
may  contain  apprentices  just  starting  and  others  nearly  out  of  their 
time.  Educational  ideas  have  been  reversed.  Much  that  is  dear  to 
the  mathematician  and  physicist  has  been  discarded.  The  work  is 
so  arranged  that  each  apprentice  may  go  .as  rapidly  or  as  slowly  as 
his  ability  allows.  All  principles  are  handled  through  shop  prob- 
lems and  must  have  practical  bearing.  Class  work  is  closely  adapted 
to  shop  conditions.  The  problems  are  worded  in  the  language  of 
the  shop.  The  whole  scheme  of  education  is  simple  and  more 
elementary  than  usual,  although  it  is  made  to  include  many  prin- 
ciples of  mechanics,  strength  of  materials  and  steam,  usually  taught 
in  technical  schools.  In  fact  the  course  of  study  fits  the  conditions, 
and  the  conditions  are  not  those  imagined  by  most  educators. 

12  Text  books  cannot  be  used  directly  for  apprentice  instruction 
even  if  suitable  books  could  be  found,  as  the  average  apprentice  has 
a  strong  aversion  to  books.  The  literature  for  such  instruction  is 
yet  to  be  written.  One  or  two  books  are  now  available  for  reference, 
but  the  bulk  of  this  material  must  be  in  the  form  of  separate  sheets, 
given  out  one  at  a  time  and  arranged  to  advance  gradually. 

13  The  chief  features  of  the  educational  work  are  mechanical 
drawing,  which  is  made  the  back  bone  of  the  course,  and  shop  prob- 
lems which  include  the  other  branches.  The  drawing  is  arranged  to 
start  directly  on  working  drawings  of  actual  machine  and  locomotive 
parts  and  yet  to  advance  so  gradually  that  even  a  dull  boy  can  make 
headway.  No  time  is  taken  for  pure  theory,  and  skill  in  drawing 
lines  and  making  letters  is  obtained  incidentally  while  making  useful 
drawings.  Blue  print  sketches  are  used  to  assist  the  instructor,  but 
these  are  drawn  so  that  they  cannot  be  copied  and  each  sketch  leaves 
more  or  less  to  be  worked  out  by  the  apprentice. 

14  Mathematical  problems  as  met  with  in  a  shop,  or  for  that 
matter  in  every  day  life,  do  not  come  classified  with  the  rule  at  the 
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top  of  the  page.  They  are  not  even  divided  into  arithmetic,  algebra 
and  geometry,  and  apprentices  often  meet  problems  so  mixed  in  with 
facts,  and  so  combined  in  the  practical  application  of  natural  laws, 
that  in  many  cases  they  do  not  appear  to  be  mathematical  problems 
at  all.  Shop  problems  taken  indiscriminately  from  practice  and 
put  before  apprentices  would  result  in  confusion  and  failure,  but  it  is 
possible  by  a  careful  selection  and  adaptation  to  get  together  prob- 
lems clothed  in  every  day  language,  which  are  practical  and  useful 
and  which,  though  actually  classified  and  to  some  extent  graded,  do 
not  show  the  classification.  The  terms  algebra,  arithmetic  and 
mathematics  are  never  used,  and  the  sheets  are  not  divided  according 
to  subjects.  A  running  review  is  maintained  by  constantly  intro- 
ducing problems  on  the  ground  already  covered. 

15  Interest  is  further  held  by  varying  the  standard  of  difficulty 
and  mixing  the  easy  and  the  hard  problems  as  they  are  apt  to  come 
in  practice.  In  getting  together  these  problems,  all  departments  of 
the  railroads  and  many  outside  sources  of  information  have  been 
utilized.  Company  drawings,  standards  and  records,  facts  and  data 
from  the  technical  press,  suggestions  from  motive  power  officers, 
problems  directly  from  the  shop  and  drafting  room,  hints  from 
instructors  and  points  picked  up  in  conversation  with  foremen  and 
mechanics  have  alike  been  used.  Experimental  apparatus  is  being 
installed  in  the  school  room  so  that  natural  laws  may  be  illustrated, 
but  not  necessarily  proved,  as  it  is  the  intelligent  use  of  these  laws, 
and  not  their  proof  which  is  desired.  Models  and  actual  machines 
are  used  for  illustrations.  In  gearing,  the  gears  are  fitted  on  to  a 
screw  cutting  lathe  in  the  school  room  and  revolved  as  a  check  to  the 
method  of  figuring  them.  Locomotive  valve  setting  is  introduced 
by  a  thorough  course  in  valve  setting  on  a  stationary  engine  located 
in  the  school  room  and  arranged  to  run  by  compressed  air.  Lectures 
are  not  well  suited  for  apprentice  instruction  and  when  used  must 
be  short  and  must  take  the  form  of  talks  or  recitations. 

16  Classes  are  held  from  7  to  9  o'clock  in  the  morning;  each 
apprentice  reporting  for  two  mornings  a  week.  The  apprentices 
ring  in  at  the  shop  and  then  come  to  class  rooms  located  on  the  shop 
property,  where  they  are  under  shop  discipHne.  At  9  o'clock  they 
report  again  in  the  shop.  Compulsory  evening  classes  for  appren- 
tices have  never  been  entirely  satisfactory,  but  the  plan  of  holding 
classes  during  working  hours  has  been  used  by  the  British  Admiralty 
for  60  years  with  entire  success.  Home  work  is  expected  on  the 
problems. 

17  An  elaborate  system  of  reports  from  both  instructors  is  made 
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to  the  local  shop  officers  who  forward  them  to  the  superintendent 
of  apprentices.  These  reports  show  first,  the  ability  at  the  trade, 
second,  the  disposition  and  personality  of  the  apprentice,  and  third, 
the  standing  in  class  work.  The  instructors  are  at  all  times  required 
to  know  the  standing  of  each  apprentice,  thus  making  examinations 
unnecessary.  Special  emphasis  is  placed  on  the  personal  touch 
maintained  between  the  instructor  and  the  apprentice  with  a  view 
to  determining  the  type  of  work  or  branch  of  service  for  which  the 
boy  is  best  suited. 

18  This  movement  differs  from  most  efforts  to  better  industrial 
conditions, 'in  that  it  starts  at  the  bottom  in  marked  contrast  with  the 
common  practice  of  providing  special  advantages  for  the  especially 
bright.  In  this  respect  it  is  not  unlike  the  type  of  training  pro- 
posed by  Mr.  M.  P.  Higgins  in  a  paper  before  this  Society  in  1899. 
The  rank  and  file  are  not  touched  by  special  apprenticeship  or  special 
courses  at  high  schools.  Industrial  education  must  start  lower  down 
the  scale,  and  the  genius  will  be  the  first  to  profit  by  the  advantages 
offered.  The  problems  designed  for  a  boiler-maker  apprentice  have 
been  found  quite  useful  with  college  graduates  and  the  problems  used 
for  apprentice  classes  have  been  used  with  equal  success  in  evening 
classes  for  foremen,  mechanics  and  inspectors. 

19  Experience  has  proved  the  desirability  of  keeping  boys  in 
direct  contact  with  the  shops  from  the  very  outset,  in  which  point 
the  plan  differs  from  that  of  Mr.  M.  W.  Alexander  of  the  General 
Electric  Company  as  described  in  his  paper  of  last  year. 

20  The  immediate  and  direct  results  of  the  apprentice  system 
have  been,  increased  output,  (notwithstanding  the  four  hours  per 
week  spent  in  class)  less  spoiled  work,  ability  to  read  drawings,  to  lay 
out  templates  and  to  make  sketches,  a  better  grade  of  apprentices, 
increased  interest  in  the  work,  suggestions  of  apprentices  as  to 
improved  methods  and  tools,  draftsmen  for  company  drafting 
rooms  and  apprentices  fitted  for  special  work  as  needed.  Local  offi- 
cials have  everywhere  been  quick  to  note  the  benefits  of  apprentice 
training,  and  are  unanimously  enthusiastic  and  interested.  One 
immediate  result  of  the  opening  of  the  apprentice  schools  was  the 
request  from  foremen  and  mechanics  for  educational  classes  of  a 
similar  nature,  which  resulted  in  the  organization  of  self  supporting 
evening  classes  at  seven  of  the  shops  taught  by  the  apprentice  instruc- 
tors, using-  practically  the  same  courses  of  study  as  provided  for 
apprentices. 

21  The  essential  points  in  the  inauguration  of  an  apprentice  plan 
like  that  described  may  be  stated  as  follows: 
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a  The  full  endorsement  and  the  support  of  the  management 
from  the  president  down,  and  the  hearty  cooperation  of 
all  concerned.  Without  this  the  movement  is  sure  to 
fail. 

b  The  necessity  of  preparing  a  shop  organization  to  make  use 
of  the  apprentices  who  are  thus  trained,  so  that  bright 
young  men  will  be  attracted  to  start  on  an  apprenticeship 
which  will  graduate  them  into  an  organization  where 
ability  will  be  recognized,  and  where  advancement  will 
be  possible. 

c  The  selection  of  a  shop  instructor,  possessed  of  the  necessary 
skill  and  tact  who  shall  give  a  portion  or  the  whole  of  his 
time,  according  to  the  size  of  the  shop. 

d  The  selection  of  an  educational  instructor  who  shall  have 
sufl&cient  originality  to  cut  away  from  current  educational 
practice  and  to  meet  the  local  needs  of  the  apprentice  in 
his  own  way. 

e  The  outlining  of  a  course  of  study  which  will  closely  com- 
bine the  theoretical  and  practical,  and  which  will  be 
framed  for  the  dullest  apprentice  and  not  for  the  high 
school  graduate. 

/  A  recognition  of  the  fact  that  the  best  results  can  be  ob- 
tained only  when  the  instruction  is  on  the  shop  property 
and  under  shop  control  and  that  technical  schools,  trade 
schools,  correspondence  schools,  high  schools,  Y.  M. 
C.  A.,  or  other  outside  agencies,  cannot  satisfactorily 
meet  the  needs  of  the  rank  and  file  of  apprentices. 

g  The  use  of  a  room  for  drawing  and  class  work  near  the 
center  of  the  shop  property. 

h  A  realization  that  the  plan  can  be  installed  in  most  shops 
with  talent  already  employed. 

i  A  recognition  of  the  fact  that  instruction  must  be  given  dur- 
ing shop  hours  and  that  evening  classes  for  apprentices 
are  unsatisfactory. 

i  Industrial  organizations  are  composed  of  men,  not  machines, 
and  in  the  long  run,  no  organization  or  department  can 
prove  really  efiicient  which  does  not  make  allowance  for 
the  full  development  of  its  men  and  which  does  not  count 
on  the  value  of  the  personal  touch  in  developing  a  proper 
loyalty  and  efficiency. 

k  The  shop  management  must  be  prepared  to  provide  evening 
classes  self  supporting,  or  nearly  so,  on  account  of  the 


1128  INDUSTRIAL   EDUCATION 

fees  charged,  for  the  present  foremen  and  mechanics  who 
are  sure  to  ask  for  an  opportunity  to  obtain  educational 
training  similar  to  that  of  the  apprentices. 
22  No  previous  reference  has  been  made  to  the  most  important 
principle  underlying  apprentice  training.  In  addition  to  teaching 
the  apprentice  a  trade  and  teaching  him  to  think,  it  is  vitally  neces- 
sary to  aid  in  the  development  of  his  moral  character  and  in  his 
loyalty  to  the  right.  These  objects  do  not,  from  their  nature,  permit 
of  immediate  demonstration  of  success.  They  are,  however,  vastly 
important  and  the  character  side  of  the  problem  is,  in  the  long  run, 
the  larger  side.  It  would  require  an  entire  paper  for  its  full  treat- 
ment. No  apprentice  plan  can  possibly  succeed  if  this  part  of  the 
problem  is  not  uppermost  in  the  minds  of  those  in  charge.  Neither 
the  employer  nor  the  community  has  anything  to  fear  from  the  right- 
minded,  conscientious  man  who  thinks.  Much  may  be  feared  from 
one  who  is  not  conscientious  and  right-minded  or  one  who  permits 
others  to  do  his  thinking.  The  author  believes  that  the  value  to  the 
employer,  the  community  and  the  country  of  the  influence  of  intimate 
association  between  apprentice  boys  and  big-minded,  "broad  gage" 
instructors  cannot  possibly  be  over  estimated.  In  comparison  with 
this  influence  mere  details  of  the  apprentice  plan  are  absolutely 
insignificant. 


DISCUSSION 

Mr.  C.  W.  Cross  The  system  of  apprenticeship  described  by  Mr. 
Russell  is  the  result  of  years  of  experience  and  experiment  by  Mr. 
Deems  before  he  estabhshed  the  plan  in  March  1906. 

2  The  foundation  principles  of  the  plan  have  stood  the  test  of 
time  and  the  only  changes  found  necessary  have  been  in  the  way  of 
additions  to  the  course.  There  is  more  enthusiasm  now  than  there 
was  a  year  and  a  half  ago.  It  means  that  in  future  the  shops  will 
be  supplied  with  workmen  who  have  been  trained  in  the  theory  and 
practice  of  the  business,  and  the  efficiency  will  be  correspondingly 
increased. 

3  The  need  of  a  better  system  of  training  mechanics  for  the  rail- 
road service  is  imperative,  and  I  think  need  not  be  argued  with 
any  one  in  touch  with  the  situation.  The  railroad  company  receives 
direct  benefits  by  having  the  men  quickly  made  familiar  with  the 
standards  of  practice.  They  are  brought  into  close  contact  with  the 
drafting  room  and  also  into  intimate  relations  with  the  shop  drafts- 
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men.     The  mutual  understanding  between  the  company  and  the 
men  is  greatly  improved.     The  ambition  of  the  men  is  aroused. 

4  The  recent  awakening  of  interest  in  industrial  education  and 
the  inquiries  and  observations  from  all  directions  indicate  that  other 
railroads  and  manufacturing  concerns  are  now  giving  this  subject  the 
consideration  it  deserves  and  that  the  day  is  not  far  distant  when 
each  company  will  have  a  fully  equipped  apprentice  system  as  an 
integral  part  of  its  organization. 

Mr.  Geo.  W.  Rink  In  estabUshments  where  it  is  necessary  for 
mechanics  to  work  with  drawings,  in  order  to  insure  interchangeable 
parts  of  machinery  and  also  the  production  of  new  work  accurately, 
as  laid  out  by  the  draftsman,  it  is  absolutely  necessary  that  the  young 
men  who  are  growing  into  manhood  and  learning  the  various  trades 
be  given  the  necessary  instruction  in  drawing  which  will  permit  them 
to  produce  the  work  accurately  and  speedily,  and,  at  the  same  time, 
reduce  tiie  responsibility  of  the  foreman  so  far  as  explaining  the 
drawings  is  concerned;  thus  giving  him  more  time  to  consider  other 
matters  which  may  be  more  urgent  or  important. 

2  Since  the  estabhshment  of  correspondence  schools  and  free 
evening  schools  in  our  larger  cities  it  has  become  possible  for  mechanics 
who  are  anxious  to  advance  themselves  in  their  chosen  field,  to  obtain 
a  comprehensive  knowledege  of  mechanical  drawing  and  elementary 
mechanics.  While  there  are  a  few  who  have  taken  advantage  of  this 
course,  there  are  still  a  very  large  number  who  could  not  avail  them- 
selves of  these  opportunities.  The  result  is  that  a  very  large  majority 
of  mechanics  today  do  not  understand  drawing  and  never  will  under- 
stand the  subject  until  they  have  been  compelled,  while  serving 
their  apprenticeship,  to  study.  This  deficiency  is  quite  apparent 
in  almost  any  railroad  repair  shop  of  the  country.  The  author, 
who  has  served  his  apprenticeship  in  such  a  shop,  recalls  the. fact 
that  most  drawings  of  locomotives  and  their  details,  at  that  time, 
were  kept  in  the  superintendent's  office,  and  occasionally  a  print 
for  the  mechanic  to  work  from  would  find  its  way  into  the  shop. 
Repairs  were  made  in  a  haphazard  sort  of  way.  If  a  certain  part 
of  an  engine  was  giving  trouble,  it  was  repaired  in  one  way  on  one 
division  and  other  methods  would  probably  be  tried  out  on  the 
other  divisions.  The  result  was  that  eventually  no  two  engines  of  the 
same  class  would  be  aUke,  due  to  difference  in  ideas  of  different 
master  mechanics. 

3  Where  in  years  past  an  occasional  drawing  would  be  seen  in  a 
railroad  shop,  in  passing  through  a  modern  shop,  you  will  see  draw- 
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ings  on  almost  every  machine  and  work  bench.  The  majority  of 
young  men  seeking  positions  in  raih-oad  shops  have  had  Httle  or  no 
training  in  drawing  or  the  principles  of  mechanics;  and,  in  order  that 
these  young  men  may  become  productive  and  efficient  mechanics, 
it  is  the  duty  of  officials  to  see  that  schools  are  established  and  proper 
instruction  given,  so  that  the  future  mechanics  may  be  efficient. 

4  With  this  object  in  view,  the  Central  Railroad  of  New  Jersey 
established  in  October  1905,  at  its  principal  shops  at  EUzabethport,  N. 
J.,  a  school  for  blacksmith,  carpenter,  machinist,  pattern-maker  and 
boiler-maker  apprentices,  which  has  proved  of  great  benefit  to  the 
company.  The  school  has  been  evolved  by  Mr.  B.  P.  Flory,  mechan- 
ical engineer,  Member  of  the  Society,  acting  under  the  direction  of 
Mr.  Wm.  Mcintosh,  superintendent  of  motive  power. 

5  The  organization  of  this  school  was  accompanied  by  a  ruling 
that  all  boys  applying  for  positions  as  apprentices  must  pass  an 
examination  in  reading,  writing  and  arithmetic,  and  present  three 
letters  of  introduction  from  business  men  in  the  community  in 
which  they  reside,  testifying  to  their  moral  character.  The  minimum 
age  limit  was  established  at  17  years.  All  of  the  apprentices  are 
required  to  attend  school  throughout  their  four  years  of  apprentice- 
ship. The  school  isdi  vided  into  three  classes,  meeting,  during  working 
hours,  from  12:45  to  2:45  p.m.,  on  Monday,  Wednesday  and  Friday 
of  each  week,  except  during  July  and  August.  Each  class  consists  of 
20  apprentices,  making  a  total  of  60,  each  apprentice  receiving  two 
hours  instructions  a  week.  The  company  has  fitted  up  a  school-room 
in  its  storehouse  building,  and  has  suppHed  tables,  benches,  black- 
boards and  all  the  necessary  drawing  boards,  "T"  squares  and  other 
supphes,  excepting  the  drawing  instruments,  scales  and  triangles. 

6  The  method  of  instruction  is  as  follows :  The  boj^s  are  required 
to  draw  from  models  and  castings.  They  are  first  put  to  work  making 
free  hand  sketches  of  wooden  blocks  of  various  shapes  in  order  to 
acquire  a  facihty  in  representing  objects  which  are  afterward  laid 
out  to  scale  on  drawing  sheets.  This  is  followed  by  more  advanced 
work  which  eventually  gives  the  apprentice  a  thorough  knowledge  of 
tools,  and  enables  him  with  little  effort  to  read,  make  and  work  from 
drawings.  Text  books  are  dispensed  with,  as  it  is  necessary  to  give 
instructions  as  the  individual  needs  of  each  student  require. 

7  Typewritten  sheets,  in  blue-print  form,  are  distributed  among 
the  students,  as  a  basis  of  study  in  connection  with  the  practical 
work  placed  before  them.  These  treat  of  elementary  geometrical 
problems,  formulae,  pulley  and  gear  speeds,  screw  threads  and  other 
matters  of  interest  to  the  student. 
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8  The  question  may  be  asked,  "  Does  it  pay  the  company  to  do  all 
this  for  the  apprentices;  is  it  not  probable  that  the  majority  of  these 
young  men  will  leave  the  service  of  the  company  and  procure  positions 
elsewhere?"  The  facts  are,  that  in  a  district  where  there  is  a  demand 
for  mechanics  it  is  a  difficult  matter  to  retain  young  men  until  the 
completion  of  their  apprenticeship.  The  situation  at  our  plant, 
from  1905  to  the  present  date,  is  as  follows:  144  apprentices  were  on 
our  rolls  during  that  period.  21  resigned  after  serving  one  to  four 
months;  8  resigned  after  four  to  twelvemonths  service;  8  resigned  after 
serving  one  year;  6  resigned  after  serving  two  years;  6  resigned  after 
serving  three  years;  6  resigned  after  completing  the  apprenticeship, 
and  18  are  in  service  as  machinists,  having  completed  their  appren- 
ticeship; 7  were  discharged,  7  placed  on  a  probation  period  of  2 
months,  and  57  are  now  in  service,  time  not  completed.  The  boys  who 
served  from  one  to  twelve  months  and  then  resigned  either  lived  too 
far  from  work,  were  not  strong  physically,  or  did  not  care  to  leam 
the  trade.  The  majority  of  apprentices  remained  in  service  after 
completing  their  apprenticeship;  and  there  is  no  doubt  that  the  knowl- 
edge gained  by  these  young  men,  while  attending  the  apprentice 
school,  has  helped  them  along  considerably  with  their  work,  and  the 
company  certainly  has  been  benefited. 

9  By  selecting  the  brighter  apprentices,  boys  who  show  an  inter- 
est in  their  work,  and  giving  them  employment  in  the  drawing  room 
for  a  short  period,  it  is  possible  to  recruit  from  the  shops  young  men, 
who,  if  they  will  pursue  home  studies  in  connection  with  their  work,  can 
eventually  fill  positions  as  foremen  or  designers.  This  plan  is  also 
being  followed  out  by  the  Central  Railroad  of  New  Jersey. 

Mr.  Luther  D.  Burling ame  In  considering  the  apprenticeship 
or  trade  school  question  there  are  two  distinct  objects  to  be  attained; 
one  is  the  raising  up  of  foremen  and  managers — those  who  can  carry 
on  the  executive  work  of  the  shop,  and  the  other  is  the  training  of 
expert  workmen  who  can  do  a  good  job  and  who  will  be  proud  of  doing 
that  job  satisfactorily.  One  great  lack  in  both  the  trade  school  work 
and  the  apprenticeship  system,  as  usually  carried  on,  is  the  tendency 
to  create  in  the  boys  the  ambition  to  become  foremen  only  rather 
than  some  of  them  expert  workmen  of  the  old  type. 

2  Mr.  Russell's  paper  shows  that  the  apprenticeship  system  is  not 
a  dead  issue,  as  has  so  often  been  pointed  out  by  our  journals,  for 
many  concerns  are  taking  it  up  in  a  systematic  way.  The  works  with 
which  I  am  connected — The  Brown  &  Sharpe  Manufacturing  Com- 
pany— has  had  an  apprenticeship  system  in  successful  operation  for 
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more  than  fifty  years.  Our  business  has  been  developed  on  this 
basis  and  the  men  that  have  been  thus  trained,  have,  in  a  large 
measure,  been  a  vital  factor  in  our  work.  We  are  today  however 
looking  toward  developing  in  addition  workmen  who  will  be  satisfied 
to  become  good  workmen,  not  with  ambition  to  become  managers, 
but  taking  pride  in  doing  a  good  job  and  finding  their  satisfaction  in 
life  in  being  expert  machinists. 

3  I  am  glad  to  see  that  efforts  are  being  made  to  give  boys  who 
have  had  a  very  Umited  school  training  a  brighter  outlook  upon  fife; 
to  make  expert  workmen  of  those  who  would  otherwise  be  only 
clerks  or  laborers.  Such  a  development  -^ill  give  a  great  impetus  to 
our  mechanical  work.  This  is  where  our  greatest  need  is  at  the 
present  time  and  where  the  remedy  should  be  appUed. 

Mr.  Henry  Gardner  Mr.  Russell's  statement  of  the  influence 
of  big-minded,  broad-gage  instructors  receives  my  hearty  endorse- 
ment. A  bright,  energetic  shop  man,  mature  enough  to  be  serious 
and  to  have  the  welfare  of  each  boy  at  heart — preferably  a  man  who 
has  served  his  apprenticeship  in  the  shop  and  in  the  classroom — is 
the  ideal  instructor.  This  man's  hfe  work  is  in  the  shop,  and  the 
whole  of  his  influence  is  exerted  to  direct  the  boy  toward  the  shop  as 
the  goal  at  the  end  of  four  years'  study. 

2  I  am  not  in  accord  with  the  policy  that  makes  mechanical 
drawing  "the  backbone  of  the  course."  Drawing  should  be  empha- 
sized only  during  a  period  sufl&cient  to  enable  the  boy  to  make  good 
working  drawings  and  sketches — perhaps  during  the  first  two  years — 
the  remaining  two  years  being  devoted  to  problems  demonstrating 
shop  practice,  such  as  valve  setting,  setting  driving  box  shoes  and 
wedges,  quartering  dri\dng  wheels,  screw  cutting  and  gearing.  Models 
for  studying  the  Stephenson  and  Walschaert  yalve  gears  might  be 
employed,  and  methods  devised,  largely  ehminating  the  drawing, 
for  studying  the  working  principles  of  the  air  brake,  injector,  lubri- 
cator, intercepting  valve  and  other  important  locomotive  accessories, 
all  of  which  are  repaired  in  the  shop. 

3  It  would  be  beneficial  to  speciahze  during  the  fourth  year, 
after  the  plan  in  vogue  in  some  of  the  leading  technical  schools. 

4  Advantages  additional  to  those  already  cited,  are:  The  boys 
are  taking  more  and  more  responsibility,  and  the  confidence  of  the 
foreman  in  the  boys  is  constantly  increasing.  Apprentices  are  chosen 
to  set  valves,  put  up  shoes  and  wedges,  make  templets  and  jigs  and 
do  many  kinds  of  high-grade  work.  The  gain  to  the  employers  from 
the  noticeable  increase  in  ambition,  manUness,  self-confidence  and 
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sense  of  responsibility  cannot  be  questioned.     The  apprentice  boy  of 
today  is  undoubtedly  the  "timber"  for  the  future  shop  foreman. 

Mr.  H.  L.  Gantt  We  are  much  indebted  to  Mr.  Russell  for  his 
admirable  description  of  a  system  of  industrial  education  which  seems 
bound  to  produce  good  results. 

2  The  shop  instructor  is  a  most  valuable  man,  whether  the  shop 
contains  apprentices  or  not.  The  writer  has  been  famihar  with  him 
for  twenty  years,  and  has  not  only  often  been  one  himself,  but  has 
spent  a  great  part  of  his  time  during  recent  years  training  shop  instruc- 
tors. The  shop  instructors  who  have  been  most  useful  to  the  writer 
are  not  so  often  those  that  have  the  necessary  tact,  as  explained  by 
Mr.  Russell,  as  those  that  have  the  necessary  firmness.  More  good 
training  can  be  gotten  out  of  the  every  day  work  of  a  shop  than  out 
of  any  other  school,  but  to  make  such  training  available,  the  orders 
must  be  given  as  tasks,  and  each  task  must  be  specific  as  to: 

a  What  is  to  be  done, 

6  How  it  is  to  be  done,  and 

c  The  time  allowed  to  do  it. 

3  A  proper  instructor  sees  that  the  recipient  of  the  order  under- 
stands exactly  what  is  to  be  done  and  teaches  him  how  to  do  it  in  the 
time  set.  Such  a  scheme  of  instruction  involves  a  means  for  task 
setting  and  a  means  for  inducing  the  workman  to  perform  the  task. 
The  task  should  be  set  only  after  proper  study  by  a  capable  man,  and 
the  method  of  performing  it  should,  whenever  possible,  be  written 
out,  showing  the  important  steps  in  their  proper  order  with  the  time 
needed  for  each.  Such  descriptions  or  "instruction  cards"  are  of 
great  assistance  to  the  instructor,  and  the  more  intelligent  workmen 
readily  learn  to  follow  them. 

4  So  much  for  the  task  and  the  instructions.  How  to  make  the 
workmen  perform  the  task  is  another  question.  In  dull  times  when 
men  are  badly  in  need  of  work,  it  is  often  possible  to  make  the  per- 
formance of  the  task  a  condition  of  employment,  or  a  piece  price  may 
be  set. 

5  If  however  the  operation  is  one  often  repeated  and  one  at  which 
a  workman  may  acquire  skill  and  speed  with  repetition,  the  task 
should  be  so  much  greater  than  an  ordinary  man  can  do  at  once  that 
he  is  apt  under  either  of  the  above  conditions  to  give  up  the  job.  On 
account  of  this  condition  of  affairs  the  writer  devised  his  system  of 
paying  every  man  a  day  rate,  and  to  those  who  succeed  in  accom- 
plishing the  task,  an  additional  amount,  or  bonus. 
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6  The  success  of  this  method  of  instructon  has  been  most  marked. 
The  results  have  been: 

a  An  increase  of  output, 

b  A  reduction  in  cost, 

c  The  development  of  highly  skilled  workmen,  who  in  turn 
have  yielded  an  unusually  large  crop  of  good  foremen. 
This  bears  out  Mr.  Basford's  statement  in  his  discussion  of  Mr. 
Jackson's  paper*  that  if  we  have  a  good  organization  as  to  rank  and 
file,  the  captains  and  subordinate  officers  will  not  constitute  a  prob- 
lem. 

7  The  scheme  described  by  Mr.  Russell,  good  and  useful  as  it 
undoubtedly  is,  is  applicable  only  to  special  cases  and  to  rich  and  pow- 
erful corporations. 

8  What  the  writer  has  described  is  in  successful  operation  in  one 
shop  containing  ten  workmen,  several  between  twenty  and  fifty,  and 
others  having  a  larger  number.  These  shops  represent  four  industries : 
wood,  cotton,  iron  and  steel. 

Prof.  Gaetano  Lanza  That  the  apprenticeship  system  of  the 
New  York  Central  Lines  must  accomplish  a  great  deal  of  good  there 
can  be  no  doubt,  and  it  may  be  the  best  that  is  possible  in  shops  so 
organized.  Whether  it  is  conducive  to  retaining  the  best  men  can 
only  be  answered  by  a  longer  trial  than  one  year. 

2  It  appears  that  the  course  given  to  the  foremen  is  nearly  identi- 
cal with  that  given  to  the  ordinary  apprentices.  For  foremen  who 
have  not  already  covered  the  ground,  it  will  doubtless  be  of  advantage 
to  take  the  course  and  a  more  efficient  one  will  probably  be  necessary 
for  those  that  have  completed  it. 

3  It  is  evident  that  the  education  given  to  any  class  of  men, 
should  be  the  best  for  that  class,  and  not  that  of  some  other  class. 

4  It  is  my  belief  that  apprentices  who  have  had  a  good  course  in 
the  mechanic  arts  are  more  useful,  and  advance  more  rapidly  than 
those  that  have  not  had  such  instruction,  and  that  they  would  accom- 
plish more  if  they  were  first  trained  in  the  processes  instead  of  work- 
ing at  the  products  that  are  for  sale. 

5  How  many  shops  would  be  wiUing  to  incur  the  expense  neces- 
sary first  to  give  instruction  in  the  processes,  and  subsequently 
experience  in  the  shop  is  an  open  question.  Those  pursuing  such  a 
course,  would,  I  beUeve,  be  the  gainers  in  the  end. 

'  "College  and  Apprentice  Training"  by  Prof.  John  Price  Jackson,  published 
in  this  volume. 
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6  The  amount  of  theoretical  or  Hterary  instruction  that  can  be 
absorbed  by  the  boy  who  would  usually  present  himself  for  such  an 
apprenticeship  is,  moreover,  small,  and  the  course  should  be  arranged 
with  this  fact  in  view.  But  in  order  to  accomplish  the  best  result, 
and  to  make  him  a  thinking  and  not  a  rule  of  thumb  man,  the  greatest 
care  should  be  taken  to  limit  what  is  given  him  to  what  he  can  do 
thoroughly,  as  there  is  always  a  strong  temptation  on  the  part  of 
both  teacher  and  pupil  to  overdo,  to  do  more,  sometimes  resulting  in 
bad  mistakes. 

7  When  it  comes  to  a  school  for  foremen,  the  paper  presented 
by  Professor  Park  gives  the  practical  results  that  have  been  obtained 
by  a  course  which  has  been  in  existence  for  four  years. 

8  Another  class  who  need  a  different  course  are  the  graduates  of 
good  technical  schools.  They  are  aiming  to  become  engineers  or 
managers.  That  they  should  perform  some  of  the  lowest  grades  of 
work,  even  cleaning  out  a  smoke  box,  goes  without  saying,  but  the 
frequency  of  the  changes  in  their  duties  should  depend  upon  their 
competency. 

9  To  tax  their  powers  they  should  also  be  given  problems  to 
work  out,  the  solution  of  which  will  give  them  a  broader  view  of  the 
departments. 

10  In  general,  it  is  necessary  to  specify  w^hat  class  of  men  the 
course  is  intended  to  educate,  inasmuch  as  a  course  suitable  for  one 
may  not  be  at  all  suitable  for  another  class  of  men. 

Prof.  A.  L.  Williston  It  is  an  important  step  in  industrial 
education  to  have  a  large  railroad  company  Uke  the  New  York  Central 
undertake  with  thoroughness  and  seriousness  the  systematic  instruc- 
tion and  education  of  the  men  in  its  large  shops. 

2  The  various  schemes  for  training  v/orking  men  presented  to 
this  Society  have  necessarily  differed  widely,  for  industrial  educa- 
tion is  many  sided  and  requires  many  methods  of  approach,  each  one 
adapted  to  its  particular  set  of  conditions  and  requirements.  The 
new  movement  by  the  New  York  Central  Lines  is  one  more  important 
step  toward  the  solving  of  one  of  the  most  gigantic  problems  that  con- 
fronts our  profession  today. 

3  One  or  two  points  are  of  special  significance.  First,  those 
interested  are  able  to  get  hold,  without  any  question,  of  the  right  type 
of  men  to  be  employed  in  the  railroad  shops.  In  some  methods 
there  is  no  way  of  being  sure  of  this.  Young  men  are  being  educated 
to  be  machinists,  but  after  their  training  is  completed,  it  is  frequently 
found  that  much  of  the  time  has  been  wasted,  because  they  decide 
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to  enter  some  other  occupation.     In  the  plan  described  this  question 
is  entirely  eliminated. 

4  The  second  point  is  the  perplexing  problem  of  providing  some 
means  of  support  for  the  young  men  during  the  period  of  training. 
By  this  plan  men  receive  their  regular  pay  as  full  time  apprentices, 
which  is  sufficient  for  them  to  live  upon.  This  is  most  important,  as 
the  young  men  who  actually  go  into  the  machinist 's  trade  generally 
come  from  homes  from  which  they  can  expect  but  little  or  no  financial 
support.  Consequently  any  plan  for  training  machinists  must,  if 
it  is  to  succeed,  include  some  such  provision. 

5  The  third  point  is  that  the  company's  time  is  used  for  educating 
these  young  men  in  class  rooms  with  trained  and  paid  teachers  who 
are  especially  chosen  because  of  their  particular  fitness  and  who  are 
expected  to  develop  courses  of  instruction  that  will  accurately  fit 
the  needs  of  men  in  each  of  the  shops.  The  teachers  have  had  similar 
experience;  they  thoroughly  understand  the  conditions,  and  have 
every  opportunity  for  making  the  work  thoroughly  practical. 

6  The  very  best  hours  in  the  day  and  in  the  week  are  chosen.  In 
no  better  way  could  the  company  say  to  its  men  that  they  regard  it 
of  more  importance  for  them  to  learn,  if  any  difference  is  to  be  made, 
than  to  work. 

7  In  the  many  systems  that  have  been  heretofore  suggested,  the 
time  for  education  has  been  limited  to  six  months  or  a  year,  or  other 
comparatively  short  periods.  In  this  system  the  instruction  is  dis- 
tributed over  four  years.  In  four  years,  with  five  hours  of  regular 
instruction  each  week,  a  great  deal  can  be  accomplished,  more  than 
could  be  done  with  the  same  number  of  hours  concentrated  into  a 
shorter  space  of  time. 

8  The  system  described  has  many  excellent  points.  In  the  class- 
room there  is  developed  an  atmosphere  of  inquiry  and  ambition  which 
ought  to  stimulate  the  men  to  do  their  very  best  and  arouse  high 
ideals;  and  in  the  shops  there  is  a  special  instructor  whose  duty  is  to 
be  ready  to  give  individual  aid  wherever  it  will  do  most  good;  who 
sees  that  each  individual  gets  as  large  a  variety  of  practical  experi- 
ence and  also  profits  as  much  as  possible  from  each  of  the  tasks 
assigned  him.  In  such  a  system  we  expect  and  feel  a  growing  cooper- 
ation between  the  corporation  and  the  employees  in  the  shops,  which 
is  decidedly  increasing  their  efficiency. 

9  It  will  doubtless  take  time  to  develop  the  courses  of  instruction 
to  fit  best  the  needs  of  those  for  whom  they  are  intended;  it  will  take 
time  to  find  and  train  the  men  who  will  make  the  most  efficient  instruc- 
tors; but  gradually  these  difficulties  may  be  overcome.     In  one  or  two 
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other  particulars,  too,  the  work  may  be  somewhat  handicapped. 
Usually  young  men  attend  trade  schools,  from  a  desire  to  learn  and 
because  they  feel  the  need  of  the  training.  In  the  plan  described  they 
go  because  the  rules  of  the  shop  require  it.  In  many  trade  schools, 
drawing  their  students  from  the  whole  of  a  large  community,  it  is 
often  possible  to  get  a  body  of  young  men  far  above  the  average  in 
intelligence  and  in  ambition.  Here  such  a  picked  body  of  young 
men  is  impossible.  The  railroad  must  deal  with  the  rank  and  file  of 
those  who  enter  its  employ. 

10  These  are  a  few  of  the  difficulties  that  must  be  met.  Another  is 
that  the  shop  and  the  class  instructors,  surrounded  as  they  always  must 
be  by  the  big  commercial  organization,  will  find  it  difficult  to  create 
among  the  young  men  who  are  under  their  charge  quite  the  same  kind 
of  esprit  de  corps,  that  they  would  be  able  to  obtain  from  their  stu- 
dents if  they  were  somewhat  less  dominated  by  the  commercial  atmos- 
phere of  'the  shop.  In  spite  of  these  difficulties,  however,  the  plan 
which  Mr.  Russell  describes  in  his  paper  has  many  good  points  in  its 
favor,  and  very  far  reaching  possibilities  of  application. 

Mr.  H.  F.  J.  Porter  This  paper  is  really  an  appeal  for  the  educa- 
tion of  the  manager;  of  all  officials  from  the  president  down. 

2  The  paper  and  the  discussion  emphasize  the  necessity  of  secur- 
ing the  loyalty  of  the  organization.  This  loyalt}^  cannot  be  elicited 
unless  the  management  inspires  confidence  by  assurance  of  fair  treat- 
ment and  reasonably  steady  work.  There  is  no  use  in  educating  the 
employee  if  at  the  first  sign  of  a  financial  flurry  the  works  are  shut 
down  or  the  payroll  materially  cut. 

3  Notwithstanding  the  establishment  by  colleges  and  technical 
schools  of  courses  in  economic  methods  of  organization  and  manage- 
ment in  response  to  the  urgent  demand  for  men  to  take  control  of 
industrial  enterprises,  there  is  still  a  crying  need  for  the  broad  dis- 
semination of  a  knowledge  of  business  principles. 

4  From  time  to  time  suggestions  have  been  made,  looking  toward 
the  establishment  of  a  national  society  of  business  managers.  Per- 
haps this  period  of  suffering  due  to  the  bad  business  methods  of  the 
managers  of  large  corporations,  may  be  found  the  psychological  mo- 
ment for  inaugurating  such  an  association. 

Mr.  Frederick  A.  Waldron  It  would  seem  that  an  apprentice- 
ship is  the  same  to  a  young  mechanic  as  the  college  course  is  to  the 
engineer;  it  teaches  the  young  man  how  to  learn.  Does  not  the 
greatest  scope  of  industrial  education  lie  in  the  broadening  out  of 
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the  apprentice,  journeyman,  foreman  and  superintendent  along  tliose 
lines  which  will  compel  him  to  consider  manufacturing  as  a  business 
and  not  as  an  aggregation  of  technical  or  mechanical  problems  alone? 

2  The  young  industries  of  this  nation  may  well  profit  from  the 
thoroughness  of  the  older  nations,  who  carefully  consider  the  minutest 
detail.     Impress  upon  the  young  man  the  value  of  detail. 

3  The  watchword  of  the  apprenticeship  training  system  should 
be  thoroughness  rather  than  speed.  Teach  thoroughness  at  the  start 
and  speed  afterward.  This  can  only  be  done  by  a  sufficient  number 
of  competent  instructors  placed  over  a  limited  number  of  apprentices. 
Methods  of  handling  tools  and  machines  and  the  reasons  therefor 
should  be  carefully  taught.  Passing  through  the  shops  of  a  concern 
having  a  very  complete  apprenticeship  system,  the  fact  that  impressed 
the  writer  most  was  that  very  few  of  the  apprentices  could  take  hold 
of  a  file  and  manipulate  it  in  the  proper  manner.  Upon  inquiry 
it  was  found  that  they  had  never  received  thorough  detailed  instruc- 
tion in  the  use  of  a  file,  either  at  the  bench  or  lathe. 

4  I  do  not  agree  with  the  statement  made  in  paragraph  6  of 
Mr.  Gantt's  discussion,  in  which  he  refers  to  the  assertion  that 
captains  and  subordinate  officers  will  not  constitute  a  problem." 
This  will  ever  be  a  problem,  as  the  personal  equation  cannot  be  elimi- 
nated, and  the  personality  of  the  leader  inspires  the  rank  and  file  with 
confidence  which  begets  enthusiasm,  and  without  the latterthe highest 
efficiency  cannot  be  obtained. 

5  It  is  equally  important  that  shop  ethics  should  be  thoroughly 
taught  the  apprentice.  He  should  be  trained  to  a  sense  of  honor  and 
a  standard  of  personnel  so  high  that  those  entering  the  course  have 
not  only  the  desire  to  be  good  mechanics  but  broad,  upright,  honest 
and  high-minded  men. 

6  By  beginning  along  these  lines  a  desire  is  created  for  a  broader 
standard  of  manhood,  and  duplicity,  politics  and  petty  jealousies 
will  almost  disappear. 

Mr.  W.  J.  Kaup  a  broad  and  successful  work  covering  so  wide  a 
range  as  that  of  the  New  York  Central  Lines,  where  the  elevation 
of  6000  or  7000  men  is  involved,  is  worthy  of  the  support  of  all  men. 
At  the  same  time  it  is  too  much  specialized  to  meet  all  of  the  demands 
for  industrial  education. 

2  The  ideal  system  is  one  which  develops  the  man  as  a  man  and 
not  as  a  machine. 

3  To  train  a  man  under  the  same  system  and  in  the  same  atmos- 
phere in  which  he  spends  his  working  hours  is  not  an  easy  thing  to 
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accomplish.  You  may  be  able  to  increase  his  earning  capacity,  but 
the  largest  growth  and  the  best  results  do  not  come  from  putting  the 
men  in  competition  with  each  other.  The  writer  has  found  that  we 
must  first  put  the  man  in  competition  with  himself. 

4  This  requires  (a)  an  inspired  teacher  who  can  create  inspiration 
through  his  complete  knowledge  of  the  intent  of  the  course,  through 
his  control  of  men  and  through  intimate  contact  with  the  students; 
and  (6)  an  opportunity  for  the  man  to  "try  himself  out,"  unhampered 
by  any  suspicion  that  he  is  not  getting  a  "square  deal." 

5  We  must  return  to  our  former  ideals;  turn  the  trade  schools  back 
toward  their  original  purpose,  individualize  the  students  of  our 
apprentice  schools  and  give  them  confidence  in  themselves  and  pride 
in  their  work  and  their  loyalty. 

6  The  New  York  Central  Lines  in  their  own  way — philanthropic, 
magnificent — are  sacrificing  30  000  or  35  000  hours  a  week  in  the  cause 
of  pure -education.  Other  companies  are  experimenting  with  other 
apprenticeship  courses.  All  have  the  same  end  in  view,  but,  of 
necessity,  too  much  attention  is  paid  to  specialization.  The  supply 
is  far  too  limited,  and  the  fiekl  covered  too  narrow  to  meet  the  general 
demand.  What  is  needed  is  an  industrial  educational  system  devoid 
of  specialization. 

Mr.  Oscar  E.  Perrigo  The  writer  heartily  approves  of  this  appren- 
ticeship plan  and  recognizes  that  it  is  the  result  of  much  study  and 
experience  by  men  eminently  qualified  for  the  work. 

2  The  apprenticeship  contract  for  a  four  year's  course  should  con- 
tain a  provision  whereby  the  bright  and  active  apprentice  may, 
by  exceptionally  good  work,  shorten  this  period  to  three  years.  The 
following  plan  is  suggested.  Divide  the  four  years'  course  into  eight 
periods  of  six  months  each.  Fix  a  rate  of  pay  for  the  first  period  and 
add  one  cent  per  hour  to  this  rate  at  the  end  of  each  period.  The 
system  of  reports  should  show  a  percentage  of  efficiency  for  each 
month.  The  average  of  this  percentage  for  the  first  period  should 
determine  the  time  to  be  deducted  from  the  succeeding  period  as  a 
reward,  and  so  on  through  the  course. 

3  There  might  well  be  a  provision  in  the  contract  whereby  a 
percentage  of  efficiency  below  a  certain  point  would  lengthen  the 
regular  term  of  four  years.  But  practical  shop  men  are  likely  to 
reply  to  this  that  the  apprentice  who  cannot  learn  the  trade  in  four 
years  might  as  well  be  dropped  from  the  roll. 

4  In  the  practical  work  of  the  shop  it  is  often  found  that  one  of  the 
most  difficult  things  for  the  technical  college  graduate  to  do  is  to  think 
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outside  of  the  hook.  It  is  just  here  that  the  system  formulated  by  Mr. 
Cross  and  Mr,  Russell  attains  its  greatest  and  most  useful  result. 
Text  books  are  cast  aside,  and  the  apprentice  is  taught  in  a  practical 
way  to  do  his  own  thinking. 

5  The  shop  instructor,  directing  the  practical  education,  the  educa- 
tional  instructor,  teaching  technical  matters  in  simple  every  day  lan- 
guage without  reference  to  texts  books,  and  the  shop  foreman,  should 
constitute  a  committee  whose  recommendations  regarding  the  prog- 
ress of  the  apprentice,  when  approved  by  the  shop  superintendent, 
should  be  final. 

Mr.  Arthur  L.  Rice  The  key-note  of  this  problem  is  in  the  last 
paragraph  of  the  paper,  which  should  have  been  the  first  one,  namely, 
that  if  we  are  to  succeed  in  producing  a  good  and  useful  workman  it  is 
vitally  necessary  to  aim  at  the  development  of  moral  character  and 
loyalty  to  right.  Before  a  full  day  of  conscientious  work  is  secured 
from  the  coming  mechanic  he  must  grasp  the  meaning  of  duty  to  him- 
self and  to  his  calling. 

2  The  courses  as  outlined  seem  to  be  admirable.  Experience 
teaches  that,  in  order  to  arouse  the  interest  of  the  average  man,  it 
is  necessary  to  employ  practical  problems.  The  statement  of  the  laws 
governing  falling  bodies  is  of  little  interest;  but  the  solving  of  a  prob- 
lem on  the  pile  driver  catches  the  attention  at  once,  and  brings  the 
desire  to  know  the  principles  underl3'ing  the  solution. 

3  In  industrial  education  the  proving  of  scientific  laws  has  how- 
ever, no  place.  The  men  should  be  taught  how  to  use  the  tools  of 
both  hand  and  mind — not  how  to  make  the  tools  of  either  kind;  and 
for  the  purpose  there  is  quite  as  much  of  educational  value  in  the 
using  of  the  tools  as  in  the  making  of  them;  as  much  in  the  solving  of 
the  steam  engine  problems  or  the  setting  up  of  a  gear-cutting  machine, 
as  in  proving  the  laws  of  thermodynamics  or  of  kinematics. 

4  Instead  of  text  books  is  to  be  recommended  the  study  of  techni- 
cal journals  and  mimeographed  or  printed  instruction  leaflets,  as 
the  best  means  of  keeping  abreast  of  the  progress  of  the  art. 

5  The  value  of  a  technical  education  from  a  dollars  and  cents 
standpoint  is  unquestionably  proved;  but  so  far  as  the  economic  prob- 
lem goes,  we  have  yet  to  adapt  our  means  to  the  end  so  that  there 
shall  be  the  least  loss  of  time  and  money  to  the  individual  and  the 
community.  Putting  six  years  of  preparatory  and  engineering  college 
training  on  a  boy  who  wants  to  be  and  is  fitted  by  nature  to  be  a 
department  foreman,  does  not  agree  with  our  ideas  of  commercial 
efficiency;  and,  though  we  may  have  made  a  somewhat  better  citizen, 
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it  is  questionable  whether  the  really  usable  amount  of  training  in 
technical  matters,  supi^Iementecl  by  greater  attention  to  business 
methods,  the  laws  of  economics,  and  the  principles  of  good  govern- 
ment would  not  make  a  broader  minded  and  more  efficient  shop  super- 
intendent than  even  the  best  of  our  engineering  college  courses. 


The  Author  The  statement  has  been  made  that  the  plan  de- 
scribed is  applicable  only  to  special  cases  and  to  rich  and  powerful 
corporations.  The  methods  of  shop  instruction  would  appear  to  be 
quite  general  in  their  application.  Mr.  Gantt  has  called  attention  to 
the  value  of  the  shop  instructor  for  training  men  as  well  as  appren- 
tices. A  number  of  railroad  officials  have  expressed  the  opinion  that 
all  departments  of  the  railroad  should  be  recruited  by  similar  methods. 
Of  the  school  training  it  may  be  said  that  all  industrial  education  is 
special  in  the  sense  that  the  illustrations  and  problems  are  selected  in 
each  case  from  the  shop  or  industrial  environment.  This  does  not  in 
the  least  interfere  with  making  the  training  general  and  even  to  some 
extent  cultural  in  its  results. 

2  As  to  the  scheme  being  appUcable  only  to  rich  and  powerful 
organizations,  the  small  shop  has  the  advantage  in  deahng  with 
apprentices.  There  is  then  no  occasion  for  a  central  organization  like 
that  required  by  a  large  railroad.  In  the  small  shop  there  is  the  added 
advantage  of  closer  personal  contact  between  employer  and  employed, 
and  often  there  is  less  speciaUzation.  Some  of  the  most  successful 
solutions  of  the  apprentice  problem  are  at  present  being  worked  out 
in  small  manufacturing  plants  and  small  railroads,  and  results  are 
being  obtained  which  it  will  be  hard  to  equal  in  large  corporations. 
It  is  expected  that  the  system  described  will  ultimately  be  extended 
to  shops  having  five  or  more  apprentices. 

3  The  point  is  well  taken  that  there  is  danger  of  too  much  emphasis 
on  mechanical  drawing  and  of  too  little  upon  problems  demonstrat- 
ing shop  practice.  It  was  necessary  at  first,  however,  to  emphasize 
the  drawing  in  order  to  demonstrate  at  once  to  the  shop  authorities 
the  value  of  the  school  work,  and  this  plan  has  been  entirely  success- 
ful in  producing  immediate  benefits.  More  attention  is  now  being 
given  to  other  subjects  and  additional  equipment  has  been  procured 
for  problems  and  experiments.  In  apprentice  courses,  the  danger  to 
be  guarded  against,  is  not  that  of  over  education,  but  of  misdirected 
education,  as  there  cannot  be  too  much  training  of  the  right  kind. 

4  The  discussions  by  Professor  Lanza  and  Professor  Williston 
should  remove  any  misapprehension  in  the  minds  of  educators  or 
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others  who  imagine  that  apprentice  training  is  intended  to  rival  that 
of  technical  schools.  Apprentice  education  is  in  a  field  by  itself  and 
is  at  present  supplementary  to  other  types  of  instruction. 

5  The  movement  has  been  characterized  repeatedly  as  philan- 
thropic. WMle  it  may  be  true  that  the  first  idea  of  the  originator  of 
the  plan  was  one  of  pliilanthropy,  and  wliile  it  is  true  that  all  of  the 
instructors  do  much  more  than  that  for  which  they  are  paid,  it  is 
nevertheless  a  fact  that  the  movement  is  a  plain  business  proposition 
and  would  cease  to  exist  if  it  were  not.  The  reason  that  the  plan 
looks  Uke  philanthropy  is  because  of  the  economic  fact  that  every- 
thing which  tends  to  give  an  apprentice  added  skill,  breadth  of  view 
or  development  of  character  makes  him  that  much  more  valuable  to 
his  employer.  That  which  is  best  for  the  boy  is  best  for  the  company. 
It  is  thus  possible  for  a  broad-minded,  far-sighted  shop  management 
to  develop  a  boy  in  the  Unes  for  which  he  is  best  adapted  and  to  the 
full  Umit  of  his  abiUty,  and  still  to  do  this  as  a  business  proposition. 
Training  the  sons  of  employees  in  such  a  way  is  a  common  point  of 
agreement  between  men  and  management. 

6  Professor  Lanza  has  hit  upon  the  keynote  of  the  class  work 
when  he  says  ' '  the  education  given  to  any  class  of  men  should  be  the 
best  for  that  class."  Professor  WilUston  calls  attention  to  the  fact 
that  the  railroad  is  deahng,  not  with  a  picked  body  of  boys,  but  with 
the  rank  and  file.  The  railroad  is  giving  that  which  the  pubUc  school 
has  failed  to  give,  an  education  by  which  a  boy  can  earn  a  Uving. 

7  In  spite  of  the  obstacles  mentioned,  the  esprit  de  corps  is  not 
so  different  from  that  in  other  schools.  Rivalry  between  schools  is 
keen  and  is  fostered  by  visits  of  instructors  and  boys  to  other  shops 
of  the  system.  Apprentice  clubs  are  the  order  of  the  day,  with  ball 
teams  and  inter-shop  games. 

8  Mr.  Kaup  says  that  what  is  needed  is  an  industrial  educational 
system  devoid  of  speciahzation.  The  author  would  agree  with  this 
in  so  far  as  it  means  that  the  State  should  do  much  that  the  manu- 
facturer and  the  railroad  are  now  forced  to  do.  However,  when  the 
State  does  take  hold  of  such  training  it  will  be  difficult  to  find  a  plan 
founded  on  educational  principles  more  broad  than  the  plan  described, 
in  which  the  methods  and  much  of  the  subject  matter  is  of  universal 
appUcation  and  is  so  regarded  by  the  best  educators.  It  may  be  of 
interest  in  this  connection  that  one  city  of  the  Middle  West  is  adopt- 
ing the  same  methods  and  portions  of  the  apprentice  drawing,  prob- 
lem and  physics  courses  for  its  pubhc  school  system. 

9  It  is  well  to  reaUze  that  whatever  may  be  the  ideals  of  appren- 
tice training,  any  plan  is  doomed  to  failure  that  does  not  take  into 


INDUSTRIAL   EDUCATION  1143 

account  actual  commercial  and  industrial  conditions.  While  there 
is  a  field  for  all  types  of  industrial  education  it  remains  a  fact  that 
comprehensive  apprentice  training  is  destined  to  play  no  small  part  in 
the  solution  of  our  present  industrial  problem. 


No.  1182 

SIR  BENJAMIN  BAKER 

In  Memoriam 

Sir  Benjamin  Baker  was  born  at  Tondu,  Glamorganshire,  March 
31,  1840.  At  sixteen  years  of  age  he  was  apprenticed  to  the  North 
Abbey  Iron  Works,  South  Wales,  remaining  with  them  four  years. 
On  leaving  these  works  he  aided  in  the  erection  of  the  Victoria  Station 
and  the  Governor  Road  railway  bridge.  Upon  the  proposal  of  Sir 
John  Fowler  to  construct  an  underground  Railway,  which  was 
received  with  great  opposition,  Mr.  Baker  spent  much  time  in  the 
study  of  theoretical  mechanics  which  resulted  in  his  work  on  "  Long 
Span  Bridges"  and  "The  Strength  of  Beams"  published  in  Engineer- 
ing (London).  In  the  former  article  the  possibilities  of  the  Canti- 
lever type  of  bridge  with  a  central  supported  girder,  worked  out  in 
later  years  in  the  Forth  Bridge,  first  received  recognition.  "  He  was 
the  author  of  several  articles  on  "The  Strength  of  Brickwork"  pub- 
lished in  1872,  and  "Urban  Railways"  published  in  1874.  He  was 
engineer  of  the  City  and  South  London  Railway,  the  first  of  the  under- 
ground lines  in  London.  He  had  complete  control  of  constructing 
the  District  line  from  Westminster  to  London.  In  conjunction  with 
the  contractor  he  designed  the  cylindrical  iron  vessel  in  which  Cleo- 
patra's needle  was  transported  to  England  in  1878. 

One  of  the  existing  monuments  to  his  work  is  the  design  and  con- 
struction of  the  Forth  Bridge  in  which  he  carried  out  the  theories  set 
forth  in  his  articles  on  "Long  Span  Bridges."  While  engaged  in  this 
work  he  made  a  series  of  experiments  on  the  mechanical  properties  of 
structural  steel  which  had  an  influence  in  England  on  the  proportion- 
ing of  structural  steel.  He  pointed  out  the  necessity  of  using  a  lower 
unit  stress  on  bars  subject  to  alternating  strains  and  called  the  atten- 
tion of  England  to  the  standards  of  safety  observed  by  the  German 
Government  and  American  engineers  which  was  60  per  cent  higher 
than  that  demanded  by  the  British  Board  of  Trade. 

The  firm,  composed  of  Sir  John  Fowler  and  Sir  Benjamin  Baker, 
was    sought   for    advice  upon   the  important  engineering   projects 
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of  the  time  and  all  the  early  tube  railways  had  the  benefit  of  their 
services.  They  were  the  enisjineers  for  the  Central  London  Railway, 
where  they  carried  out  their  design  of  locating  the  station  on  the 
summit  of  an  incline,  with  the  result  that  a  reasonably  high  speed 
for  a  city  railway  was  for  the  first  time  obtained. 

Sir  Benjamin  was  consulting  engineer  for  the  Baker  Street  and 
Waterloo  Railway  and  he  also  designed  for  the  Hudson  River  tunnel 
a  special  form  of  shield  fitted  with  diaphragms  dividing  the  whole 
into  compartments,  each  of  which  could,  in  case  of  necessity,  be  used 
as  a  diving  bell. 

The  greatest  work  accomplished  by  Sir  Benjamin  Baker  was  the 
Assouan  Dam  on  the  Nile.  The  proposal  of  its  construction  met 
with  great  opposition  on  account  of  the  danger  to  the  Temples  of 
Philse.  The  question  was  referred  to  an  International  Commission 
of  which  Sir  Benjamin  was  the  Enghsh  representative.  The  con- 
struction was  authorized,  Sir  Benjamin  taking  the  entire  responsi- 
bility for  the  work.  Upon  its  successful  completion  he  was  created 
a  Knight  Commander  of  the  Bath  and  was  also  honored  upon  this 
occasion  by  the  Khedive.  The  latter  part  of  his  life  was  devoted  to 
the  study  of  a  system  of  reinforcements  and  additions  which  will  enable 
the  reservoir  to  be  doubled.  His  design  w^as  adopted  by  the  Egyptian 
Government.  He  advised  with  the  London  authorities  in  regard  to 
the  construction  of  a  railway  bridge  across  the  Blue  Nile  into  Khar- 
toum, and  signed  the  plans  just  before  his  death  for  a  bridge  across 
the  Nile  at  Boulac,  the  port  of  Cairo,  where  the  river  is  900  feet  wide, 
the  main  channel  80  feet  deep,  and  the  river  bed  of  sand  and  gravel. 

Sir  Benjamin  was  joint  engineer  with  Sir  John  Wolfe  Barry  for  the 
Avonmouth  Docks,  and  was  engineer  for  the  Walney  Bridge,  of  the 
Barrow-in-Furness  Railway,  which  is  1100  feet  between  abutments 
and  has  an  electrically  operated  opening  span  on  the  Scherzer  princi- 
ple. He  was  appointed  consulting  engineer  on  the  West  African 
Railways  and  served  in  the  same  capacity  for  the  Public  Works 
Department  of  Cape  Colony. 

At  the  time  of  his  death  he  was  engaged  in  widening  from  80  to 
100  feet  the  Buccleugh  Dock  entrance  at  Barrow  and  in  replacing  the 
swing  bridge  with  one  of  the  roller  lift  principle.  He  was  also  engi- 
neer to  the  Rosslere  and  Waterford  Railway,  opening  up  the  new 
route  to  the  South  of  Ireland. 

Throughout  his  career  Sir  Benjamin  took  a  keen  interest  in  the 
scientific  societies  associated  with  his  profession.  He  was  a  member 
of  the  Institution  of  Civil  Engineers;  a  member  of  the  Council  in  1882; 
vice-president  in  1891,  and  president  in  1895.     He  was  president  of 
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the  Mechanical  Science  Section  of  the  British  Association;  fellow  of 
the  Royal  Society,  and  at  the  time  of  his  death  was  vice-president  of 
that  body.  He  was  a  member  of  the  Institution  of  Mechanical  Engi- 
neers, and  served  for  many  years  as  a  member  of  the  Council,  being 
in  office  at  the  time  of  his  decease.  Up  to  the  last,  he  took  a  very 
active  interest  in  the  affairs  of  the  Royal  Institution.  He  was  an 
honorary  member  of  the  American  Society  of  Civil  Engineers,  and 
honorary  degrees  were  conferred  upon  him  by  the  Universities  of 
Cambridge  and  Edinburgh.  He  was  made  a  Knight  of  the  Order  of 
St.  Michael  and  St.  George  at  the  opening  of  Forth  Bridge.  He  was 
a  member  of  the  Engineering  Standards  Committee,  serving  on  the 
Finance  Committee,  and  as  chairman  of  the  Sectional  Committee 
on  Bridges  and  Building  Construction.  The  valuable  specifications 
for  structural  steel  issued  by  the  latter  Committee  are,  in  large 
measure,  due  to  him. 

His  death  occurred  May  19,  1907  at  his  residence,  Bowden  Green, 
Pangbourne.  The  remains  were  interred  at  Idbury,  and  memorial 
services  were  held  at  St.  Margaret's,  Westminster,  on  the  same  day. 
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CHARLES  HAYNES  HASWELL 

In  Memoriam 

By  prof.  FREDERICK   R.  HUTTON,  NEW  YORK 
Member  of  the  Society 

In  the  death  of  Mr.  Haswellon  May  12, 1907,  in  New  York  a  unique 
figure  has  been  removed  from  the  stage  on  which  engineering  history 
is  being  enacted.  His  position  was  noteworthy,  not  only  by  reason  of 
his  age  and  continued  activity,  but  from  the  fact  that  he  took  part  in 
so  many  beginnings  of  the  modern  era  and  was  preeminent  in  them. 

Horatio  Allen  ran  the  first  locomotive  on  this  side  of  the  Atlantic 
when  Mr.  Haswell  was  20  years  old;  Robert  Fulton's  first  trip  of  the 
Clermont  took  place  only  two  years  before  his  birth.  Geo.  W. 
Copeland  and  B.  F.  Isherwood  were  his  associates  in  the  design  of 
marine  engines:  John  Ericsson  came  to  the  front  when  he  was  in  the 
full  activity  of  his  work.  It  was  given  to  him  to  span  the  entire 
history  of  the  introduction  of  steam  into  the  U.  S.  Navy,  from  its 
beginnings  as  a  modest  auxiliary  to  sail  power  up  to  his  service  as 
Engineer-in-Chief,  and  to  see  the  disappearance  of  power-mast  and 
rigging  before  the  end  of  his  life. 

Mr.  Haswell  was  born  from  English  parentage  stock  in  North 
Moore  Street  in  New  York  on  May  22,  1809.  Had  he  lived  ten  days 
longer  he  would  have  been  98  years  old.  As  a  boy  on  the  docks  he 
saw  the  early  triumphs  of  the  Robert  Fulton  idea,  and  remembered 
the  appearance  of  the  Fulton  the  First,  or  Demologos,  in  the  waters  of 
New  York  harbor,  and  watched  her  career  from  her  launching  in  1814 
to  her  destruction  by  a  magazine  explosion  in  June  1829.  This  boat 
was  the  first  steam  war  vessel  in  the  world. 

From  1807  to  1835  a  maritime  service  of  over  seven  hundred  vessels 
had  grown  up  on  rivers  and  lakes,  with  some  coastwise  vessels,  few 
of  them  larger  than  a  modern  tug.  Mahlan  Dickerson,  then  Secretary 
uf  the  Navy,  approved  a  recommendation  of  the  Board  of  Navy  Com- 
missioners that  a  person  be  secured  as  "engineer;  his  services  will 
be  much  wanted  in  superintending  the  construction  and  arrange- 
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ment  of  the  engines  and  boilers"  of  a  vessel  then  being  constructed 
at  the  New  York  navy  yard,  and  in  July  1836  Mr.  Haswell  was 
appointed,  on  his  application  for  the  place,  to  the  position  of  chief 
engineer  of  the  Fulton  the  Second.  This  was  the  first  creation  of 
such  a  position:  Mr.  Haswell  had  designed  the  engines  and  Chas. 
W.  Copeland'  the  boilers.  At  this  time  he  was  chief  engineer  of  the 
West  Point  Foundry  Association. 

Mr.  Haswell  had  the  usual  classical  education  which  was  the  only 
one  possible  in  his  day,  and  entered  in  1828  the  works  of  James  P. 
Allaire.  The  Allaire  Works  was  a  pioneer  in  the  days  of  New  York's 
engineering  supremacy,  sharing  with  the  Novelty  Iron  Works,  The 
Etna  Works,  Franklin  Forge,  the  Fulton,  Morgan,  the  Quintard  and 
the  Delamater  Iron  Works  the  opportunities  of  the  rapid  marine 
development  of  that  day.  The  East  River  also  had  extensive  ship 
yards;  among  them  those  of  Wm.  H.  Webb,  and  Henry  Steers. 

Mr.  Haswell  became  chief  draftsman  and  designer  of  the  Allaire 
Works  and  in  1837  was  responsible  for  the  first  steam  launch  or 
steam  yacht,  which  he  called  the  "Sweetheart."  He  lengthened  the 
gig  of  the  sloop  of , war  Ontario  and  fitted  to  it  an  engine  and  boiler, 
converting  it  into  a  steam  launch. 

The  engines  of  the  Fulton  were  double,  each  50  by  108  inches,  and 
turning  a  separate  side  wheel  of  22  feet  9  inches  diameter  and  11  feet 
face.  These  engines  were  on  the  spar  deck;  the  cranks  and  shaft 
were  of  cast  iron. 

In  1839  two  naval  Boards,  one  of  commodores  and  the  other  of 
constructors,  the  latter  having  Mr.  Haswell  as  one  of  the  members, 
started  the  construction  of  two  side-wheel  steam  frigates,  the  Missis- 
sippi and  Missouri.  Mr.  Copeland  designed  the  engines  and  boilers, 
in  his  relation  as  consulting  engineer,  with  a  title  of  Principal  Engi- 
neer, for  the  Board  of  Navy  Commissioners,  and  Mr.  Haswell  was 
detached  from  the  Fulton  to  work  over  the  details  of  construction. 

It  was  in  connection  with  these  boilers  that  Mr.  Haswell  laid  out 
the  shape  and  dimensions  of  each  plate  for  the  first  time  in  history, 
using  the  methods  of  the  mould-loft  for  this  purpose.  The  boilers 
were  of  copper  as  was  usual  in  those  days.  The  Mississippi  had  two 
side-lever  engines  with  cylinders  75  by  84  inches;  the  Missouri  had 
two  inclined  engines  62^  by  120  inches.  The  vessels  were  of  wood 
and  were  completed  in  1842.     After  serving  with  Mr.  Copeland  on 

^Mr.  Copeland  was  treasurer  of  The  American  Society  of  Mechanical  Engineers 
for  many  years  and  later  vice-president.  On  his  death  he  gave  the  Society  an 
option  on  the  purchase  of  his  library,  and  much  valuable  historic  literature  came 
to  it  in  this  way. 
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the  designs  of  the  Michigan,  Mr.  Haswell  returned  to  the  Missouri, 
as  her  chief  engineer. 

On  August  31,  1842,  very  largely  at  Mr.  Haswell's  initiative,  was 
approved  the  act  of  Congress,  creating  a  corps  of  engineers  and  assist- 
ants and  providing  for  a  "skillful  and  scientific  engineer-in-chief" 
and  on  Oct.  3,  1844  Mr.  Haswell  was  appointed  to  this  post.  In  1845 
the  engineer  corps  was  reorganized  under  his  direction  and  along 
lines  which  remained  essentially  unaltered  until  the  consolidation  with 
the  line  of  the  Navy,  in  1899.  This  was  the  same  year  that  the  Naval 
Academy  was  started. 

A  Mr.  Gilbert  L.  Thompson,  a  lawyer  and  business  man,  appointed 
in  1842  on  the  passage  of  the  act  creating  the  position  of  engineer- 
in-chief  to  serve  in  that  capacity,  was  responsible  for  an  order  replac- 
ing the  vertical  7  foot  smoke  stack  of  the  Missouri  by  two  flues  each 
of  3  feet  6  inches.  One  of  these  was  led  horizontally  under  the  deck 
to  the  wheel-house  on  each  side,  and  discharged  there  the  products 
of  such  combustion  as  could  be  secured.  The  idea  was  to  use  the 
suction  of  centrifugal  action  due  to  the  revolving  wheel,  and  to  dispose 
of  and  conceal  the  smoke  by  entangling  the  carbon  with  the  water 
raised  by  the  paddle-floats.  Not  only  were  the  flues  too  small,  but 
the  boilers  were  abaft  of  the  engines  and  shaft,  compelling  the  gases 
to  go  against  the  current  due  to  the  motion  of  the  vessel.  Mr.  Has- 
well, as  chief  engineer  of  the  ship,  protested  against  the  change 
proposed  but  was  over-ruled;  and  when  the  scheme  failed  most  sig- 
nally, he  w^as  made  a  sort  of  scape-goat  and  suspended  from  duty. 
In  recognition  of  the  injustice,  however,  his  restoration  to  duty  and 
to  the  ship  was  offered  to  him  on  condition  that  he  would  apologize 
for  his  error.  He  refused  the  opportunity  tendered  to  him  in  words 
which  have  been  often  quoted:  "I  would  rather  suffer  injustice  from 
another  than  be  unjust  to  myself." 

Mr.  Haswell  on  leaving  the  Navy  was  at  once  employed  on  designs 
for  engines  for  the  U.  S.  Revenue  service,  and  in  December  1843  was 
called  back  to  be'engineer-in-chief  of  the  Navy,  and  in  October  of  the 
the  next  year  Mr.  Thompson's  name  was  dropped  from  the  list  and  Mr. 
Haswell's  regular  service  began.  The  Missouri  was  burned  in  1843 
from  the  breakage  of  a  carboy  of  turpentine;  and  it  is  to  be  noted  that 
a  request  of  the  year  before  from  Haswell  for  a  lead  tank  for  the  tur- 
pentine had  been  refused  by  the  authorities.  The  Mississippi,  her 
sister-ship,  was  Commodore  Perry's  flagship  in  the  expedition  to 
Japan,  and  was  the  ship  where  the  incident  is  said  to  have  occurred 
emphasizing  that  "blood  is  thicker  than  water"  in  the  Pei-Ho  river 
engagement. 
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In  the  early  years  of  Mr.  Haswell's  service,  1842-1849,  he  saw  the 
experiments  tried  with  the  Hunter  scheme  of  placing  the  paddle 
wheels  on  vertical  axes,  the  idle  arc  of  their  circumferences  being 
within  the  hull  surface,  so  that  only  the  operative  arc  projected. 
In  1842  the  beginnings  were  made  upon  the  Stevens  Battery;  in  1842- 
1845  the  Princeton  embodying  John  Ericsson's  screw  propeller  was 
ordered  and  built  by  the  efforts  of  Captain  Richard  P.  Stockton.  This 
was  the  first  screw  steam  war  vessel  and  was  also  the  first  one  to  have 
all  machinery  unde?  the  defensive  water  line.  She  was  designed  for 
anthracite  coal  to  eUminate  the  betrayal  by  smoke;  had  forced  draft 
from  blowers,  a  telescopic  smoke  stack,  and  had  Ericsson's  vibrating 
piston  engine,  with  a  direct  connection  to  the  shaft  without  the  gears 
which  had  been  advocated  by  other  designers. 

It  was  in  1841-1842  that  the  design  was  made  by  Mr.  Copeland  of 
the  engines  and  boilers  of  the  Michigan  for  use  on  the  Great  Lakes 
service.  There  were  two  inclined  engines  36  by  96  inches  and  the 
hull  was  of  iron,  the  first  iron  ship  made.  When  the  writer  last 
visited  the  vessel  at  Erie,  Pa.,  these  engines  were  still  in  use  and  in 
excellent  working  order. 

In  1846,  Mr.  Haswell  suggested  the  practice  of  hanging  slabs  of 
zinc  in  the  boilers  of  vessels  using  seawater  containing  hydrochloric 
acid  as  a  means  of  neutralizing  galvanic  action  between  copper  and 
iron  in  such  acid  solution.  Such  plates  were  put  in  the  Princeton's 
boilers  and  in  those  of  the  Legare  of  the  Revenue  service.  This  was 
nearly  thirty  years  before  this  plan  was  tried  in  England  as  a  new 
invention,  and  was  kept  up  in  coastwise  practice  until  the  use  of 
distilling  outfits  diminished  its  significance. 

In  1847  a  Board  of  which  Mr.  Haswell  was  a  member  decided  upon 
four  vessels:  the  engines  of  the  Susquehanna,  which  resulted  from 
their  decision,  were  designed  by  Mr.  Copeland,  and  those  of  the  Pow- 
hatan, by  Mr.  Haswell.  The  Susquehanna  had  incUned  engines  70 
by  120  inches  and  31  foot  wheels;  the  Powhatan's  were  of  the  same 
cylinder  volume  but  had  vertical  air  pumps,  and  built  up  wrought 
iron  box-girder  frames.  The  Powhatan  had  Worthington  pumps  as 
auxiliaries,  and  the  first  donkey-boiler  for  port  use.  The  drawings 
were  made  by  Mr.  Haswell's  own  hands  and  are  noteworthy  in  that 
they  were  built  up  from  details  without  a  previous  general  assembly 
drawing. 

The  two  other  ships  were  the  Saranac  and  San  Jacinto,  the  engines 
of  the  latter  being  designed  by  Mr,  Haswell.  The  Saranac  was  a 
paddle  wheel  boat,  the  other  screw  driven.  The  engines  driving  the 
screw  were  62^  by  50  inches,  placed  athwartship,  and  inclined  upward 
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and  outward.  Back-acting  connecting  rods  transmitted  the  motion 
to  the  crank  shaft  which  lay  between  the  head  ends  of  the  cyUnders. 
The  boilers  were  still  of  copper;  the  propeller  shaft  20  inches  to  one 
side  of  the  center  line,  so  as  to  avoid  the  stern-post. 

Mr.  Haswell  protested  again  against  some  of  the  hmitations  imposed 
upon  his  design  by  the  Board,  and  the  difficulties  so  imposed  compel- 
led some  details  which  could  not  be  defended  on  any  other  grounds. 
The  public  controversy  resulted  in  the  appointment  of  a  civil  engi- 
neer of  prominence,  Charles  B.  Stuart,  to  the  position  of  Engineer- 
in-Chief  of  the  Navy.  Mr.  Haswell  was  made  chief  engineer  of  the 
San  Jacinto  and  B.  F.  Isherwood,  who  had  been  with  Mr.  Stuart 
on  the  Erie  Canal  was  detached  from  the  Light-house  Board  and 
made  technical  assistant  to  the  latter.  The  propriety  of  assign- 
ing Mr.  Haswell  to  the  care  of  engines  which  he  had  himself  designed, 
and  in  whose  success  he  would  be  keenly  interested,  dictated  this 
assignment. 

Unfortunately  Mr.  Haswell  was  then  suffering  from  physical  dis- 
ability brought  on  by  a  torpid  liver  and  chronic  dyspepsia,  and  had 
stated  that  he  ought  to  resign.  He  was  persuaded  to  defer  action 
until  his  arrival  in  Spain  where  if  he  had  not  improved,  he  would 
receive  word  which  would  withdraw  him  on  sick-leave.  By  a  double 
combination  of  misunderstandings,  and  resulting  inaction  by  friends 
of  Mr.  Haswell  and  by  the  Secretary  of  the  Navy,  no  such  relief  was 
awaiting  him.  He  was  on  the  sick  list  and  relieved  from  duty,  but 
was  refused  his  detachment  from  the  ship;  sick,  disgusted  and  depres- 
sed, he  left  the  vessel  and  returned  to  his  own  country.  This  was 
technically  met  by  official  action  severing  him  from  the  Navy  on 
May  14,  1852.  Legislative  action  was  proposed  in  1859  to  confirm 
him  as  a  chief  engineer  and  was  again  brought  up  in  February,  1907,  to 
secure  him  an  honorable  discharge.  Mr.  Haswell  took  little  or  no 
interest  in  these  matters  himself. 

On  returning  to  New  York  Mr.  Haswell  entered  civil  life  and 
engaged  actively  in  his  professional  work.  He  became  a  member 
and  was  President  of  the  Common  Council  of  the  City;  a  trustee  of  the 
New  York  and  Brooklyn  Bridge  which  was  the  first  of  the  series; 
surveyor  of  steamers  for  Lloyd's  and  the  Marine  Underwriters  of 
New  York,  Boston  and  Philadelphia;  consulting  engineer  for  the 
Health  Department,  Quarantine  Commission,  and  Department  of 
Public  Charities  and  Correction.  He  designed  and  superintended 
the  erection  of  the  long  crib  at  Hart's  Island  in  the  harbor  and  the 
filling  in  of  Hoffman's  Island.  He  designed  and  superintended  the 
construction  of  many  commercial  vessels,  and  some  heavy  found- 
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ations  for  lofty  buildings.  He  was  one  of  the  consulting  engineers 
of  the  Board  of  Appointment  of  New  York,  and  at  his  death  left 
uncompleted  the  extensive  construction  and  improvement  work 
in  progress  at  Riker's  Island.  As  lately  as  in  1905-1906  in  severest 
winter  weather  he  used  to  go  down  frequently  to  give  this  work  his 
personal  supervision. 

Apart  from  his  earlier  service  to  the  U.  S.  Navy,  Mr.  Haswell  was 
probably  best  known  by  the  preceding,  generation  by  reason  of  his 
"Pocket-Book."  It  antedated  the  first  Trautwine  and  Searle's  in 
the  civil  engineering  field  and  was  a  treasure  house  of  practical  infor- 
mation not  to  be  found  in  encylopedias  and  text  books  of  that  day. 
It  was  the  progenitor  of  the  more  comprehensive  Kent  and  Suplee 
of  the  current  period,  but  the  author  kept  it  fresh,  and  last  year  it 
appeared  in  a  seventy-second  edition.  Over  146  000  copies  have  been 
sold  during  its  continuance.  Mr.  Haswell  also  wrote  "  Reminiscences 
of  an  Octogenarian,"  covering  old  New  York  from  1816  to  1860. 

Recognition  came  to  Mr.  Haswell  from  many  directions.  In  1853 
on  a  visit  to  Russia,  the  Emperor  Nicholas  gave  him  a  diamond  ring. 
He  was  an  Honorary  Member  of  The  American  Society  of  Mechanical 
Engineers  and  honorary  or  life  member  of  many  other  organizations, 
such  as  The  Institution  of  Civil  Engineers  of  Great  Britain,  The 
Institute  of  Naval  Architects  of  Great  Britain,  The  American  Society 
of  Civil  Engineers,  The  Society  of  Naval  Architects  and  Marine  Engi- 
neers, the  Engineers'  Club  of  Philadelphia,  the  Society  of  Municipal 
Engineers  of  New  York,  the  American  Institute  of  Architects,  The 
New  York  Academy  of  Sciences,  the  New  York  Microscopical  Society, 
the  Society  of  Authors,  The  Boston  Society  of  Civil  Engineers  and 
others.  In  1897  he  was  a  representative  and  delegate  to  the  Inter- 
national Congress  in  London  from  the  Society  of  Naval  Architects  and 
Marine  Engineers,  where  his  age,  his  reputation  and  his  charming 
personahty  made  him  easily  the  most  remarkable  figure  in  the  gather- 
ing, and  great  attention  was  paid  to  him  as  the  Nestor  of  the  profes- 
sion. He  was  a  member  of  The  Engineers'  Club,  the  American  Yacht 
Club,  and  was  dean  and  oldest  member  of  the  Union  Club  of  New 
York  City.  He  was  singularly  interested,  for  an  old  man,  in  the  do- 
ings of  the  young  people,  and  sympathetic  and  concerned  in  the 
activities  of  the  old  Dutch  Reformed  Church  which  he  attended 
regularly.  His  spare  figure,  with  the  pink  carnation  in  the  coat 
lapel,  was  always  to  be  seen  in  his  place  until  the  increasing  disability 
of  his  last  year  broke  up  the  habit. 

He  was  greatly  interested  in  the  planning  and  purposes  of  the 
Engineering  Building  in  New  York  for  the  uses  of  the  Societies. 


CHARLES   HAYNES    HASWELL  1155 

It  occurred  to  one  of  the  Building  Committee  that  it  would  be  both 
worth  while  and  pleasant  to  have  him  present  at  the  informal  func- 
tion of  the  laying  of  the  corner  stone  by  Mr.  and  Mrs.  Carnegie  in 
May  1906.  A  steam  motor  car,  using  superheating  and  partial  con- 
densation in  a  compound  engine  was  used  to  convey  him  from  his 
home  and  back,  and  it  proved  that  this  was  his  first  motor  vehicle 
ride.  It  added  interest  that  principles  for  which  he  had  stood  in  his 
earlier  days  should  be  embodied  in  the  motor  which  bore  him. 

His  death  followed  an  accidental  fall  in  the  dining  room  of  his 
own  home  on  May  12,  1907.  An  interesting  photograph,  in  which 
Haswell  and  Melville — the  first  and  then  active  Engineers  in  Chief — 
appear,  illustrates  the  account  in  the  Transactions  of  the  unveiling 
of  the  monument  to  Robert  Fulton  in  Trinity  Churchyard. 

Later,  w^hen  Admiral  Melville  had  retired,  a  photograph  of  Admiral 
Rae  and  Mr.  Haswell  which  has  been  regarded  as  very  successful 
was  taken  in  connection  with  a  reception  at  the  Engineers'  Club  in 
New  York. 
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CHARLES  HARDING  LORING 

In  Memoriam 

By  WALTER  M.  McFARLAND 
Member  of  the  Society 

The  death  of  Admiral  Charles  Harding  Loring  (Chief  Engineer, 
U.  S.  Navy,  retired)  on  February  5,  1907,  removes  a  man  who  had 
been  a  prominent  figure  in  engineering  circles  and  in  our  Society  for 
many  years.  He  was  a  member  of  the  Society  almost  from  its  organi- 
zation and  had  filled  its  highest  offices,  being  a  Vice-President  in 
1885-1887,  and  President  for  the  term  1891-1892.  However  great  a 
man's  professional  abiUty,  his  free  election  to  such  high  offices  is  a 
strong  testimonial  to  his  worth  as  a  man,  and  is,  indeed,  the  highest 
tribute  of  the  personal  regard  in  which  he  is  held  by  his  fellow-mem- 
bers. As  will  appear  in  this  brief  sketch  of  his  life  and  work,  he  had 
filled  all  the  highest  offices  to  which  a  man  in  his  branch  of  engi- 
neering could  aspire,  and  he  had  been  privileged  to  take  a  very  active 
part  in  furthering  the  progress  of  marine  engineering. 

He  was  born  in  Boston,  December  26,  1828,  and  received  his 
education  in  the  public  schools  of  that  city.  As  his  educational 
period  was  before  the  day  of  technical  schools,  he  followed  the  usual 
course  of  preparation  for  mechanical  engineering  and  served  a  regular 
apprenticeship  in  the  machine  shop.  At  its  close,  in  1851,  he  entered 
the  navy  as  a  third  assistant  engineer,  attaining,  by  competitive 
examination,  the  highest  place  in  a  class  of  fourteen. 

His-entrance  was  just  too  late  to  give  him  an  opportunity  for  par- 
ticipation in  the  Mexican  War,  and  by  the  time  the  Civil  War  broke 
out  he  had  passed  through  all  the  junior  grades  and  had  become  a 
chief  engineer.  During  his  service  in  junior  grades  he  had  been  laying 
the  foundation  for  his  more  important  work  when  an  older  man  and 
in  higher  positions,  a  portion  of  his  shore  duty  having  been  as  assistant 
to  the  engineer-in-chief  of  the  navy,  Mi .  Samuel  Archbold,  in  which 
capacity  he  had  charge  of  the  experimental  work  and  tests  of  engi- 
neering devices  coming  before  that  office.  It  is  interesting  to  note 
that  while  engaged  in  this  duty  he  made  a  test  of  the  first  injector 
which  came  to  this  country. 
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During  the  Civil  War  he  was  in  active  service  the  whole  time  and 
during  the  first  eighteen  months  was  fleet  engineer  of  the  North 
Atlantic  Station,  being  attached  to  the  fine  old  steamer  Minnesota. 
He  was  on  board  this  ship  during  the  attacks  of  the  Merrimac  on  the 
Northern  fleet  in  Hampton  Roads  on  the  eighth  and  ninth  of  March, 
1862,  when  the  Cumberland  was  sunk  and  the  Congress  burned  and 
Avhen  the  Minnesota  also  was  attacked. 

A  little  later  he  was  detached  from  sea  duty  and  sent  to  Cincinnati 
to  supervise  the  construction  of  three  river  and  harbor  monitors 
and  also  of  some  light-draft  sea  monitors  building  there.  Subse- 
quently he  was  made  general  inspector  of  all  the  iron-clad  steamers 
building  west  of  the  Alleghanies,  having  in  charge  at  one  time  eleven 
monitors  building  at  Pittsburg,  Cincinnati,  and  St.  Louis. 

During  the  Civil  War  a  number  of  excellent  engines  had  been 
accumulated  for  hulls  which  were  in  process  of  construction,  but  with 
the  close  of  the  war  all  work  was  stopped,  and  after  a  time  a  board 
was  appointed  to  recommend  the  best  disposition  of  these  engines 
which  were  stored  in  the  various  navy  yards.  It  was  about  this 
time  that  the  compound  engine  was  coming  into  general  use,  and  the 
same  board  was  directed  to  make  a  study  of  the  compound  engine, 
with  a  view  to  its  introduction  in  naval  vessels.  Of  this  board 
Admiral  Loring  was  senior  member,  and  associated  with  him  was  the 
late  Chief  Engineer,  Charles  H.  Baker. 

After  a  very  exhaustive  study  of  the  subject,  they  recommended 
the  introduction  of  compound  engines  and  the  abandonment  of  the 
simple  form,  and  the  conversion  of  a  number  of  the  engines  which  were 
on  hand  into  compound  engines.  Four  sets  of  these  simple  engines 
were  so  converted  and  were  fitted  to  the  Vandalia,  Marion,  Quinne- 
baug,  and  Sw&tara.  The  tests  of  these  engines  were  very  satis- 
factory and  showed  a  coal  economy  for  short  runs  of  not  much  over 
two  pounds  of  coal  per  horse-power  hour. 

This  study  of  the  compound  engine  made  it  natural  that  Admiral 
Loring  should  be  selected  as  the  representative  of  the  Navy  Depart- 
ment when,  in  1874,  he  and  the  late  Dr.  Charles  E.  Emery  made  an 
elaborate  series  of  trials  of  the  engines  of  the  revenue  cutters  Rush, 
Dexter,  Dallas,  and  Gallatin,  to  determine  by  actual  test  the  rela- 
tive economies  of  compound  and  simple  engines,  designed  for  the 
same  work  in  similar  hulls,  and  also  to  secure  reliable  and  authorita- 
tive data  with  respect  to  the  economy  of  steam  jacketing.  These 
tests  were  the  first  of  the  kind  conducted  under  circumstances  of 
entire  reliability,  with  the  result  that  the  report  of  the  trials  was  re 
published  all  over  the  world  and  is  still  quoted  in  all  the  textbooks  on 
steam  engineering. 
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Admiral  Loring's  next  tour  of  sea  duty  was  as  fleet  engineer  of  the 
Asiatic  Station  on  the  U.  S.  S.  Tennessee,  where  he  had  as  his  chief 
assistant,  George  W.  Melville,  who  later  became  his  successor  as  chief 
of  the  Bureau  of  Steam  Engineering.  There  was  nothing  specially 
eventful  in  this  cruise,  and  at  its  end,  in  1880,  he  was  assigned  as  the 
head  of  the  steam  engineering  department  of  the  New  York  Navy 
Yard. 

This  was  the  period  of  greatest  inactivity  in  the  history  of  the  navy, 
and  there  was  little  to  do,  even  for  a  very  active  man,  except  routine 
work.  During  this  tour,  however.  Admiral  Loring  was  senior  mem- 
ber of  a  board  which  made  a  test  of  the  machinery  of  the  Anthracite, 
a  little  yacht  with  a  triple  expansion  engine  working  with  600  pounds 
pressure.  The  experiments  were  valuable  as  showing  that,  with  the 
form  of  apparatus  on  board  the  Anthracite,  there  was  no  such  gain 
in  economy  as  to  warrant  the  tremendous  pressure  carried,  while  it 
involved  numerous  practical  difficulties. 

In  1881  he  was  a  member  of  what  is  known  as  the  First  Naval 
Advisory  Board,  appointed  by  Secretary  Hunt  to  formulate  a  ship- 
building program  for  the  navy  which  he  might  submit  to  Congress. 
The  personnel  of  this  advisory  board  was  distinguished  in  all  its 
branches,  and  the  work  they  did  made  possible  our  splendid  fleet  of 
today,  as  they  definitely  decided,  against  strong  professional  oppo- 
sition, to  abandon  wooden  hulls  for  those  of  iron  and  steel,  and  for 
general  progress  in  every  respect.  In  1882  he  was  a  member  of 
another  important  board  known  as  the  Navy  Yard  Board,  of 
which  Admiral  Luce  was  senior  member.  The  duty  of  this  board 
was  to  visit  all  the  navy  j^ards  of  the  country  for  the  purpose  of 
determining  which  of  them  might  with  advantage  and  economy  be 
closed.  It  was  a  delicate  task,  but  the  report,  when  finally  approved, 
gave  general  satisfaction,  and  its  recommendations  were  carried  out. 

On  the  retirement  of  Engineer-in-Chief  Shock,  only  two  successors 
were  thought  of,  one  of  whom  was  Admiral  Loring,  and  his  merit 
and  thorough  qualification  for  the  position  were  so  well  recognized 
that  the  appointment  came  to  him  entirely  unsought.  This  was  in 
1884,  during  the  administration  of  President  Arthur.  Secretary 
Chandler  was  presiding  over  the  Navy  Department  at  this  time  and  it 
was  under  his  supervision  that  the  four  vessels,  commonly  known  as 
the  Roach  cruisers,  the  Atlanta,  Boston,  Chicago,  and  Dolphin,  were 
built. 

Part  of  the  scheme  of  the  building  of  the  new  navy  was  the  organi- 
sation of  what  was  known  as  an  Advisory  Board,  composed  of 
two  civilians  and  a  number  of  naval  officers.     Owing  to  this  regime 
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the  bureaus  were  not  given  the  same  free  hand  that  has  obtained 
since  the  Advisory  Board  was  discontinued,  although  they  did  valu- 
able work  in  the  details  of  designs.  Forced  draft  was  used  on  these 
new  vessels,  after  having  been  tried  on  two  others — the  Alliance  and 
Swatara — under  Admiral  Loring's  direction. 

The  change  of  administration  in  1885,  when  Mr.  Whitney  came  in 
as  Secretary  of  the  Navy,  brought  additional  trouble  for  Admiral 
Loring.  The  Democrats  had  been  so  long  out  of  power  that  they 
came  in  prepared  to  find  everything  wrong,  and  there  were  busy- 
bodies  to  throw  out  hints  and  insinuations  against  Loring.  It  is 
probable,  too,  that  he  and  Whitney  were  naturally  incompatible. 
Whitney  was  a  nervous  pushing  man,  who  wanted  everybody  around 
to  appear  to  be  hustling.  Loring  was  a  man  of  great  dignity  with 
none  of  the  arts  of  the  courtier  or  politician.  Instead  of  running  to 
Whitney  with  every  detail  of  his  work  and  thereby  becoming,  at 
least,  intimately  acquainted  with  him  personally,  he  was  content  to 
conduct  his  work  by  written  reports.  He  worked  just  as  hard,  but 
Whitney  did  not  appreciate  it.  The  backbiters,  who  had  Whitney's 
ear  (and  it  is  sad  to  relate  that  there  were  naval  officers  among  them), 
led  him  to  believe  that  Loring  was  not  abreast  of  the  times  or  capable 
of  providing  the  best  machinery.  Indeed,  the  attack  was  upon  the 
whole  Engineer  Corps,  and  it  is  a  fact  that  negotiations  had  been 
conducted  with  a  prominent  British  engineer  to  come  over  and  do  our 
designing  for  us.  This  was  only  prevented  by  the  law  officers  point- 
ing out  that  it  violated  the  contract  labor  law. 

It  may  be  mentioned  in  this  connection  that  the  Anglophiles  per- 
suaded the  Secretary  to  buy  a  number  of  plans  abroad.  They  were 
not  purchased  by  experts,  with  the  result  that  we  were  undoubt- 
edly "done"  in  the  transaction.  It  would  have  been  a  safer  thing 
to  purchase  complete  ships,  which  would,  at  least,  have  had  to  make 
successful  trials.  The  history  of  the  Texas  is  too  well  known  to 
engineers  to  need  repetition  here. 

The  result  of  all  these  conditions  was  to  convince  Loring  that  he 
did  not  have  Whitney's  confidence  and  that  for  the  sake  of  his  corps, 
he  had  better  give  up  his  office  as  engineer-in-chief.  Accordingly, 
in  1887,  he  tendered  his  resignation. 

After  leaving  the  Bureau  of  Steam  Engineering  he  w^as  made  senior 
member  of  the  Experimental  Board  of  Naval  Officers  at  the  New 
York  Navy  Yard,  which  board,  under  his  direction,  conducted  many 
exceedingly  valuable  experiments.  Among  the  most  important  were 
the  competitive  tests  in  1889  of  water-tube  boilers  to  determine  the 
type  that  should  be  used  on  the  coast  defence  vessel  Monterey,  and 
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it  may  be  well  here  to  call  attention  to  the  fact  that  this  was  the  first 
case  on  record  where  a  boiler  had  ever  been  run  continuously  for 
twenty-four  hours  when  burning  more  than  fifty  pounds  of  coal  per 
hour  per  square  foot  of  grate. 

Another  very  important  series  of  experiments  conducted  by 
Admiral  Loring  were  those  on  the  boilers  of  the  torpedo-boat  Gush- 
ing, to  determine  the  economy  of  evaporation  with  different  air  pres- 
sures and  rates  of  combustion.  These  experiments  have  proved  of 
the  greatest  interest,  and  form  a  very  valuable  collection  of  engineer- 
ing data.  A  number  of  clever  devices  had  to  be  schemed  out  to  carry 
on  these  tests,  and  the  whole  success  was  a  great  credit  to  Admiral 
Loring  and  the  board. 

Having  reached  the  age  limit  in  December,  1890,  he  was  placed  on 
the  retired  list;  but  having  always  been  a  man  of  very  vigorous 
physique,  he  did  not  give  up  active  emplo3''ment  and  was  for  a  time 
consulting  engineer  to  the  United  States  and  Brazil  Mail  Steamship 
Company.  During  the  late  war  with  Spain  he  was  recalled  to  active 
duty  and  assigned  inspector  of  engineering  work  in  New  York, 

Admiral  Loring  was  a  man  of  great  personal  attractiveness  and  to 
most  of  his  friends  the  social  side  of  his  character  was  the  more 
important.  They  admired  the  able  engineer,  but  they  loved  the 
man.  Although  a  man  of  great  dignity,  as  has  been  mentioned, 
this  only  repressed  undue  familiarity,  and  he  was  a  delightful  com- 
panion. His  keen  sense  of  humor  and  remarkable  skill  as  a  raconteur 
made  him  a  decided  acquisition  to  any  company.  It  was  remarked  bj^ 
a  brother  officer,  himself  remarkable  for  his  abilities  as  an  entertainer, 
that  Loring  was  the  best  "diner  out"  in  the  Navy.  He  wrote  well 
and  was  a  good  speaker,  doing  these  with  the  dignity  and  elegance 
which  were  a  part  of  his  nature. 

He  was  President  of  The  Engineers'  Club  for  two  years,  thus  receiv- 
ing the  highest  social  honor  which  engineers  can  confer.  His  incum- 
bency of  the  Presidency  of  our  own  Society  has  already  been  men- 
tioned. He  was  also  a  Vice-President  of  the  Society  of  Naval 
Architects  and  Marine  Engineers  from  its  organization  until  his  death, 
and  while  his  health  permitted  was  very  active  in  its  council  and 
general  meetings.  The  Army  and  Navy  Club  of  New  York  owed 
much  to  his  active  interest,  as  he  had  filled  most  of  the  offices  and 
was,  for  a  number  of  years,  its  Secretary.  He  was  also  a  member  of 
the  Loyal  Legion  and  of  the  Grand  Army  of  the  Republic. 

He  had  grown  old  gracefully  and  slowly,  so  that,  although  in  his 
seventy-ninth  year  when  he  died,  he  did  not  look  much  over  sixty. 
In  appearance,  there  was  quite  a  resemblance  to  President  Cleveland 
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but  as  they  differed  very  radically  in  politics,  Admiral  Loring  did 
not  count  this  as  a  special  privilege. 

In  reviewing  this  life,  we  are  struck  with  the  relatively  brief  period 
during  which  marine  engineering  has  been  a  practical  success. 
Although  his  life  did  not,  like  that  of  our  beloved  Uncle  Charley 
Haswell,  cover  the  whole  period,  yet  Admiral  Loring  was  in  personal 
touch  with  all  the  steps  of  progress,  going  back  to  box-boilers  and 
side  wheel  engines  and  coming  down  to  water-tube  boilers,  forced 
draft,  triple  expansion  engines,  and  the  steam  turbine.  In  nearly  all 
of  these  he  had  an  active  and  sometimes  an  important  part,  so  that 
he  could  justly  feel  that  he  had  not  only  done  his  duty  but  had  been 
a  factor  in  the  advancement  of  the  profession  and  the  service  he 
loved  so  well. 
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COLEMAN  SELLERS 

IN    MEMORIAM 

By  H.  F.  J.  PORTER 
Member  of  the  Society 

Coleman  Sellers,  Sc.D.,  E.D.,  died  at  his  residence,  3301  Baring 
Street,  Philadelphia,  on  Saturday  evening,  December  28,  1907,  and 
was  interred  at  West  Laurel  Hill  Cemetery  on  Tuesday,  December 
31.  The  funeral  services  were  attended  by  a  large  number  of  personal 
friends  and  associates,  including  prominent  representatives  of  the 
Board  of  Directors  and  of  the  operating  organization  of  the  Niagara 
Falls  Power  Company,  many  old  employees  of  Wm.  Sellers  &  Co., 
Incorporated,  and  others  associated  Avith  him  in  his  many  activities. 

MEMORIAL 

Coleman  Sellers  the  youngest  son  of  Coleman  and  Sophonisba 
(Peale)  Sellers,  was  born  in  Philadelphia,  January  28,  1827.  His 
father  was  a  man  of  broad  culture  and  influence,  an  ingenious  mechan- 
ical engineer  and  a  manufacturer  of  considerable  reputation  in  his 
day.  His  grandfather  and  great-grandfather  had  been  well  known 
engineers,  who  served  in  turn  on  important  commissions  connected 
with  pubUc  road  and  canal  improvements,  and  each  of  his  progenitors 
since  the  family  came  to  Pennsylvania  in  1682  had  evinced  marked 
mechanical  and  inventive  ability  and  a  taste  for  scientific  pursuits. 

His  maternal  grandfather  was  Charles  Wilson  Peale,  the  portrait 
painter,  naturalist  and  versatile  genius,  distinguished  for  his  diversi- 
fied knowledge  and  untiring  activities. 

In  fact  if  there  is  any  foundation  for  the  theory  that  heredity 
plays  a  part  in  shaping  one's  proclivities,  it  might  be  said  that  the 
preparation  of  his  career  commenced  in  the  generations  that  preceded 
him. 

He  was  but  five  years  old  when  his  father  died  and  his  instruction 
thereafter  devolved  upon  his  mother.  This  was  supplemented  by 
a  system  of  manual  kindergarten  devised  for  him,  in  the  belief, 
as  his  parents  had  been  taught,  that  the  training  of  the  hand  as  well 
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as  of  the  mind  has  an  important  influence  upon  the  all  around  devel- 
opment of  the  individual. 

Later  he  attended  private  schools  in  Pliiladelphia  and  finally 
at  the  age  of  eleven  entered  Bolmar's  Academy  at  West  Chester, 
conducted  by  Anthony  Bolmar,  a  Frenchman  and  former  officer 
under  Napoleon,  who  made  his  school  famous  by  his  personal  influence, 
high  sense  of  justice  and  honor  and  his  rigid  discipline. 

His  interest  in  the  solution  of  physical  problems  was  stimulated 
by  the  elementary  lectures  in  natural  philosophy,  which  were  given 
to  the  students  by  the  local  talent  available,  but  the  indefinite  char- 
acter of  information  derived  from  tliis  source  and  the  lack  of  good 
text  books  on  scientific  subjects  aroused  his  natural  curiosity  to 
know  more  accurately  the  causes  for  certain  effects.  Thus  we  find 
him  devoting  much  of  his  spare  time  to  making  apparatus  to  demon- 
strate practically  the  theories  imperfectly  enunciated  in  the  class- 
room, and  this  trend  of  his  mind  is  indicated  by  the  entries  in  his 
diary,  which  he  was  then  methodically  keeping.  Methods  thus 
instituted  by  frequent  repetition  became  habits  which  characterized 
his  life  work,  and  whenever  any  new  discovery  in  the  world  of  science 
or  industry  was  announced,  it  came  naturally  to  him  to  investigate 
it  fully,  and  very  often,  in  his  thorough  mastery  of  the  subject,  he 
improved  upon  the  previous  method  or  product. 

He  completed  the  course  at  Bolmar's  Academy  in  his  seventeenth 
year,  and  acceding  to  his  mother's  wishes,  began  to  devote  himself 
to  practical  agriculture  on  the  farm  of  one  of  his  kinsmen.  Here 
his  natural  proclivity  to  put  into  service  his  mechanical  bent  where- 
ever  appUcable  asserted  itself  in  attempts  to  improve  the  implements 
he  found  on  the  farm  and  among  other  devices  he  designed  a  metal 
toothed  hay  rake  mounted  on  wheels,  which  anticipated  by  many 
years  the  machine  later  re-invented  and  now  generally  in  use. 

After  two  years  of  this  service  his  brothers,  who  were  operating  the 
Globe  Rolling  Mill  in  Cincinnati,  Ohio,  responded  to  his  desire  for  an 
opportunity  to  enter  the  mechanical  field  by  offering  him  employ- 
ment. 

With  his  custoniary  assiduity  he  appfied  himself  to  acquiring  a 
knowledge  of  the  details  of  the  mills  and  processes  incident  to  the 
rolling  of  wire  rods,  merchant  iron  and  flat  rails,  as  used  at  that 
time  on  the  railroads  of  the  West.  The  wire  mill  connected  with 
the  establishment  was  overhauled  and  improved  under  his  direction 
and  while  engaged  in  making  wire  for  O'Reilly,  then  known  as  the 
Telegraph  King  of  the  West,  he  procured  from  him  a  few  cells  of 
the  battery  used  in  the  telegraph  outfits  of  the  day  and  repeated  the 
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experiments  announced  in  the  press  as  having  been  performed  by 
Faraday  and  others,  making  all  the  necessary  apparatus  Vvith  neatness 
and  precision. 

During  his  stay  in  Cincinnati,  young  Sellers,  on  account  of  his 
prompt  and  thorough  investigations  of  discoveries  as  they  were 
announced,  became  the  mentor  of  a  coterie  of  intellectual  men  who 
looked  to  him  to  elucidate  the  subjects  under  consideration  and  thus 
he  was  frequently  called  upon  to  entertain  his  friends  by  carefully 
prepared  lectures  illustrated  by  practical  experiments  involving 
chemistry,  electricity  and  physics.  He  became  an  active  member 
of  the  Mechanics'  Institute  and  read  many  papers  on  pertinent  sub- 
jects before  its  meetings. 

He  soon  became  Superintendent  of  the  Globe  Iron  Works,  and 
during  1850-1851  undertook  the  building  of  locomotives  of  their 
own  design  for  the  Panama  Railroad.  It  was  at  this  time  that  he 
married  CorneUa  Wells,  daughter  of  Horace  Wells  of  Cincinnati,  one 
of  the  pioneer  type  founders  of  the  West,  and  thus  began  a  life-long 
union  of  mutual  devotion  and  sustained  happiness. 

Upon  the  completion  of  the  Panama  Railroad  engines  he  was 
induced  to  enter  the  service  of  James  and  Jonathan  Niles  in  charge 
of  their  locomotive  works  in  Cincinnati,  and  remained  there  until 
1856  when  on  the  solicitation  of  his  kinsmen,  William  Sellers  &  Co., 
he  accepted  the  position  of  chief  engineer  in  their  works  at  Philadel- 
phia. 

He  remained  with  this  firm  for  over  thirty  years,  being  admitted 
to  partnership  in  1873.  During  this  time  he  designed  a  great  variety 
of  machinery,  covering  not  only  all  the  usual  machine  tools,  but  a 
large  number  of  special  machines  for  various  purposes,  all  of  which 
were  characterized  by  originality  of  conception,  the  appHcation  of 
correct  mechanical  principles  and  that  simplicity  and  elegance  of 
design  which  has  since  been  followed  by  builders  of  machinery  the 
world  over.  His  capacity  of  invention  is  attested  by  the  long  list 
of  patents  which  bear  his  name,  either  alone  or  associated  with  others, 
and  through  his  initiative  the  modern  system  of  transmission  of 
power  by  shafting  was  established. 

While  actively  engaged  in  the  arduous  duties  of  chief  engineer  of 
this  large  and  growing  concern,  Mr.  Sellers  still  found  time  for  much 
work  of  scientific  character  often  suggested  by  questions  that  arose 
in  his  business  and  by  matters  of  public  concern.  In  1858,  when  the 
new  art  of  photography  began  to  supplant  the  ambrotypes  and 
daguerreotypes  of  the  day,  Mr.  Sellers  at  once  became  interested  in  it, 
primarily  to  make  its  use  apphcable  for  the  illustration  of  machinery 
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for  advertising  purposes.  He  quickly  learned  the  art,  and  not  only 
acquired  considerable  skill  as  an  amateur,  but  in  the  course  of  this 
diversion  he  invented  valuable  improvements  in  processes  and 
apparatus.  During  1861-1862  he  acted  as  American  correspondent  for 
the  British  Journal  of  Photography  and  was  for  many  years  a  fre- 
quent contributor  to  American  photographic  pubUcations.  He  was 
one  of  the  founders  of  the  Philadelphia  Photographic  Society  and  a 
prominent  member  of  the  Amateur  Exchange  Club.  In  1861  he 
made  and  patented  a  device  which  he  called  the  kinematoscope, 
which  was  a  forerunner  of  the  present  moving  picture  machine.  The 
machine  accomplished  its  object  in  a  practical  manner,  showing 
pictures  of  objects  in  motion,  and  it  only  required  for  its  full  develop- 
ment instantaneous  photography  for  which  at  that  time  sufficiently 
rapid  plates  were  not  available. 

For  the  accomplishment  of  the  requirements  which  his  scientific 
research  demanded,  he  fitted  up  a  work  room  in  his  home,  equipped 
it  with  complete  wood  and  metal  working  machinery  and  laboratory 
apparatus  for  chemical  and  physical  and  microscopic  investigation 
and  a  photographic  dark  room. 

He  was  thus  prepared  for  original  investigation  when  questions 
arose  in  his  professional  work  which  demanded  solution,  and  it 
became  his  habit  to  devote  to  study  and  research  those  hours  which 
are  usually  given  to  rest  and  recreation. 

Thus  it  once  occurred  to  him  that  valuable  information  might 
be  obtained  by  a  careful  microscopic  study  of  the  stony  deposit  or 
scale,  which  forms  in  steam  boilers  when  certain  waters  are  used, 
and,  entering  into  the  investigation  with  his  usual  zeal,  he  prepared 
a  number  of  interesting  specimens  by  mounting  sections  which  he 
ground  to  a  transparent  thinness  for  study  with  polarized  light. 
He  familiarized  himself  in  this  way  with  the  methods  of  mounting 
microscopic  specimens  both  wet  and  dry,  and  prepared  a  number  of 
excellent  slides,  incidentall}'  devoting  particular  attention  to  the 
diatomaceous  earths  and  fresh  water  algae.  He  also  contrived  a 
number  of  handy  appliances  for  use  in  connection  with  this  work,  and 
later,  as  a  matter  of  amusement,  applied  the  microscope  to  lantern 
work,  providing  himself  with  an  oxy-hydrogen  outfit,  and  making  his 
own  oxygen,  as  this  gas  was  not  then  an  article  of  commerce. 

He  took  up  the  art  of  telegraphic  signaling  as  a  convenience  in 
communicating  between  the  several  departments  in  the  extensive 
establishment  of  Wilham  Sellers  &  Co.,  and  in  the  course  of  a  few 
months  he  made  himself  an  expert  operator,  not  only  signaling,  but 
reading  messages  by  ear,  though  the  average  time  for  the  acquisition 
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of  this  skill  is  about  two  years.  It  was  the  same  with  shorthand, 
which,  becoming  interested,  he  quickly  acquired,  although  his 
opportunities  for  practice  were  only  the  occasional  leisure  moments 
of  his  busy  life.  Similarly  he  secured  one  of  the  first  typewriting 
machines  and  thereafter  generally  used  this  means  of  writing  all  his 
papers  and  correspondence. 

He  served  with  Dr.  Horace  Howard  Furness  and  others  as  a  mem- 
ber of  the  commission  appointed  by  the  University  of  Pennsylvania, 
in  accordance  with  the  bequest  of  the  late  Henry  Seybert,  to  investi- 
gate the  phenomena  of  modern  spiritualism.  These  researches  were 
begun  in  1884,  and  continued  for  three  years,  during  which  time  Dr. 
Sellers'  experience  was  of  great  value  to  his  associates  in  devising 
tests  and  suggesting  methods  of  investigation  and  observation.  His 
strong  common  sense,  his  thorough  knowledge  of  natural  laws, 
predisposed  him  at  all  times  to  challenge  those  who  claimed  occult 
powers,  and  enabled  him  to  detect  the  impostures  of  charlatans. 
While  he  was  entirely  untrammeled  by  prejudice  and  his  mind  was 
ever  open  to  the  reception  of  new  truths,  he  never  was  inclined  to 
credit  to  supernatural  agencies  phenomena  the  occurrence  of  which 
could  be  explained  by  the  operation  of  those  forces  of  nature  which 
are  already  recognized. 

After  his  return  to  Philadelphia  in  1856  he  identified  himself  with 
the  Frankhn  Institute,  serving  on  numerous  important  investigating 
committees,  and  contributing  largely  to  the  interest  of  the  meetings 
by  timely  papers,  discussion  and  lectures.  He  served  as  vice-presi- 
dent for  several  years,  and  was  elected  president  for  five  successive 
terms.  He  served  on  the  board  of  managers  over  a  long  period  and 
was  one  of  the  pubhcation  committee  that  edited  the  Institute's 
Journal.  He  was  a  member  of  the  American  Society  for  the  Preven- 
tion of  Cruelty  to  Animals  and  through  his  influence  his  friend  and 
associate,  Mr.  Lippincott,  established  a  Veterinary  School  at  the 
University  of  Pennsylvania. 

He  was  a  Charter  Member,  and  a  Past  President  of  this  Society 
and  the  very  first  technical  paper  presented  at  its  first  meeting  in 
1880  was  by  him,  entitled  "The  Metric  System:  Is  it  Wise  to  Intro- 
duce it  into  our  Machine  Shops?"  The  argument  in  this  paper  was 
based  on  intimate  experience  gained  by  having  personally  introduced 
metric  measurements  in  that  part  of  the  shops  of  William  Sellers  & 
Co.  where  locomotive  injectors  were  manufactured.  His  well  known 
antagonism  to  all  attempts  to  enforce  the  use  of  the  metric  system  by 
legislative  enactment  induced  him  to  write  freely  on  the  subject  in 
the  technical  and  newspaper  press,  and  he  also  prepared,  in  connec- 
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tion  with  the  late  Dr.  William  P.  Tathan,  the  adverse  report  which 
was  adopted  by  the  Franklin  Institute  in  1876. 

During  the  Centennial  Exhibition  in  1876  he  served  as  one  of  the 
special  judges  for  final  settlement  of  difficult  or  disputed  questions  of 
award.  For  his  well-known  scientific  attainments  he  was  decorated 
by  King  Oscar  of  Norway  and  Sweden  with  the  order  of  St.  Olaf, 
and  in  1899  the  University  of  Pennsylvania  conferred  on  him  the 
honorary  degree  of  Doctor  of  Science. 

Among  the  Societies  to  which  Dr.  Sellers  belonged  may  be  men- 
tioned The  American  Society  of  Civil  Engineers,  The  Society  of  Naval 
Architects  and  Marine  Engineers,  The  British  Institution  of  Mechan- 
ical Engineers,  The  Geneva  Society  of  Arts,  The  Pennsylvania  Acad- 
emy of  Natural  Science  and  The  American  Philosophical  Society. 
His  membership  in  the  great  British  engineering  societies  was,  with- 
out solicitation,  tendered  him  in  1884  on  the  nomination  of  a  number 
of  the  most  eminent  men  of  science  in  England. 

Dr.  Sellers  paid  his  first  visit  to  Europe  in  1884,  when,  as  member 
of  the  board  of  managers  of  the  Franklin  Institute,  he  acted  as  dele- 
gate from  that  society  to  the  ter-centenary  of  the  University  of 
Edinburgh.  During  a  stay  of  several  months  in  England  he  visited 
the  large  works  of  Sir  William  Armstrong  and  Sir  Joseph  Whit- 
worth  under  the  most  favorable  auspices,  finding  open  to  him  also 
the  doors  of  any  establishment  he  wished  to  see,  even  those  that  were 
noted  as  being  generally  closed  to  all  the  world.  In  many  of  these 
he  found  some  of  his  own  inventions,  and  that  designs  made  by  him 
as  engineer  for  William  Sellers  &  Co.  had  been  copied  and  were  in 
use.  His  trip  was  extended  through  France,  Germany,  Sweden  and 
Norway,  in  which  last  mentioned  countries  he  met  with  a  particularly 
hearty  welcome. 

In  1886,  after  a  serious  illness,  he  was  unable  to  resume  his  former 
duties  and  accordingly  resigned  his  position  as  engineer  of  William 
Sellers  &  Co.,  being  succeeded  by  his  son,  Coleman  Sellers,  Jr.,  who 
on  the  death  of  William  Sellers  became  president  of  the  company. 
Subsequently  he  was  induced  to  enter  active  practice  as  a  consulting 
engineer,  for  which  work  his  long  practical  and  varied  experience 
especially  equipped  him. 

His  knowledge  of  the  fundamental  principles  of  physics  and 
mechanics  M^as  such  that  they  might  be  compared  to  the  alphabet  of 
a  language  with  which  he  could  correctly  spell  any  mechanical  device 
he  de.gired  to  construct.  With  this  acquirement  was  associated  his 
remarkable  memory  of  what  had  been  already  attempted  or  accom- 
plished in  the  mechanical  field,  enabling  him  to  recall  past  inventions 
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and  to  point  out  old  ideas  which  from  time  to  time  were  being  resus- 
citated. 

About  the  time  he  was  estabhshed  in  his  practice  as  consulting 
engineer,  Dr.  Henry  Morton,  President  of  Stevens  Institute,  induced 
him  to  lecture  before  the  senior  class  of  that  institution.  This 
resulted  in  the  establishment  of  a  Chair  of  Engineering  Practice, 
with  Dr.  Sellers  as  a  non-resident  member  of  the  faculty,  and  his 
lectures  delivered  at  intervals  during  a  number  of  years,  were  attended, 
not  only  by  the  senior  class,  but  also  by  members  of  the  faculty, 
who  received  from  Dr.  Sellers'  extended  experience  many  hints  to 
aid  them  in  their  instruction.  In  1887  he  received  from  Stevens 
Institute  the  honorary  degree  of  Doctor  of  Engineering. 

In  1889  Dr.  Sellers  was  requested  by  Mr.  Edward  D.  Adams,  the 
well-known  financier  of  New  York,  to  report  on  the  practicability 
of  developing  the  available  water  power  of  Niagara  Falls  and  its 
transmission  from  Niagara  Falls  to  Buffalo,  in  the  interest  of  what 
afterward  developed  into  the  Niagara  Falls  Power  Company.  The 
proposed  utilization  of  the  powder  of  the  falls  was  based  upon  a  scheme 
that  had  been  suggested  by  Thomas  Evershed,  an  engineer  upon  the 
Erie  Canal,  who  had  conceived  the  idea  of  placing  turbine  wheels 
in  a  district  more  than  a  mile  above  the  falls,  discharging  into  an 
outlet  tunnel  that  should  inconspicuously  debouch  at  the  river  edge 
below  the  falls.  Legislation  had  been  obtained  upon  this  scheme 
from  the  State  of  New  York,  though  capitahsts  were  not  immediately 
ready  to  believe  that  the  project  would  be  commercially  profitable. 
Dr.  Sellers'  report,  however,  so  clearly  indicated  the  practicabiUty 
of  the  scheme  that  capitalists  were  readily  found  who  were  wiUing  to 
undertake  the  enterprise. 

He  was  made  consulting  engineer  of  the  Cataract  Construction 
Company,  a  corporation  formed  to  execute  the  work,  and  in  June  of 
1890  assisted  in  the  establishment  in  London  of  the  International 
Niagara  Commission,  with  power  to  award  $22  000  in  prizes  for  plans 
or  the  generation  of  power  by  water  and  its  transmission  to  a  dis- 
tance by  the  most  economic  method,  regardless  of  the  medium  of 
transmission.  This  commission  consisted  of  the  late  Lord  Kelvin, 
then  Sir  WilHam  Thompson,  as  chairman,  with  Dr.  Coleman  Sellers. 
Lieutenant-Colonel  Theodore  Turretini,  of  Geneva,  Switzerland 
(originator  and  engineer  of  the  great  water  power  installation  on  the 
Rhone),  and  Prof.  E.  Mascart,  of  the  College  of  France,  as  members, 
and  with  Prof.  WilHam  Cawthorne  Unwin,  Dean  of  the  Central 
Institute  of  the  Guilds  of  the  City  of  London,  as  secretary. 

At  that  time  great  advance  had  been  made  in  the  transmission  of 
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power  by  wire  rope  and  by  compressed  air,  but  very  little  had  been 
done  in  the  utilization  of  electricity  for  power  purposes.  Inquiries 
and  examination  into  the  best  methods  of  developing  and  trans- 
mitting power  then  known  in  England,  France,  Switzerland,  and  Italy 
were  made  personally  bj'  the  officers  and  engineers  of  the  company, 
and  competitive  plans  were  received  from  twenty  carefully  selected 
engineers,  designers,  manufacturers  and  users  of  power  in  Great 
Britain,  on  the  Continent  of  Europe  and  in  America.  All  of  these 
plans  were  submitted  to  the  commission  in  London  on  or  before 
January  1,  1891,  and  prizes  were  awarded  for  such  of  the  plans  as 
were  considered  favorably  by  the  commission. 

The  engineers  who  were  engaged  to  carry  out  the  plans  of  the 
company  were  organized  into  a  board  of  which  Dr.  Sellers  was  made 
chairman.  The  work  was  begun  on  the  construction  of  the  tunnel, 
and  also  on  the  entrance  canal  by  which  the  water  was  to  be  brought 
to  the  turbines.  In  1893,  when  the  tunnel  was  nearly  completed 
and  the  time  for  the  installation  of  the  machinery  was  near  at  hand, 
the  object  of  the  board  of  engineers  had  been  accomplished,  and  it 
was  dissolved.  It  then  became  preeminently  the  task  of  the  mechan- 
ical engineer  to  consider  and  apply  the  devices  best  adapted  to  so 
control  and  utilize  the  forces  as  to  secure  the  best  engineering  and 
commercial  results.  Dr.  Sellers  was  accordingly  made  chief  engineer 
of  the  Cataract  Construction  Company,  and  while  its  separate  organi- 
zation was  called  for,  he  served  also  as  president  of  the  Niagara  Falls 
Power  Company.  It  thus  devolved  upon  him  to  suggest  and  devise 
the  various  details  of  the  installation  at  a  time  when  its  principal 
features  were  essentially  experimental,  and  it  was  his  wise  forethought 
and  breadth  of  view  in  dealing  with  the  new  problems  that  guided  the 
enterprise  safely  through  the  complex  questions  that  surrounded  it. 

Radical  changes  in  the  plans  were  necessary  when  it  became  evident 
that  the  proper  course  lay  in  the  abandonment  of  Mr.  Evershed's 
scheme  of  a  system  of  distributing  canals  leading  to  factory  sites 
where  independent  water  wheels  would  be  installed,  and  to  substitute 
in  place  thereof  a  central  power  station  where  the  generation  of 
50  000  horse  power  would  be  concentrated  for  electric  transmission  to 
consumers  located  on  the  neighboring  lands  or  at  a  distance.  The 
first  three  turbines  were  put  in  operation  in  1895  with  a  sufficient 
demand  for  power  in  excess  of  their  output  to  warrant  the  instal- 
lation of  five  additional  units,  which  were  shortly  followed  by  two 
more,  making  in  all  an  equipment  of  50  000  horse  power  capacity. 

The  mechanical  features  proposed  by  him,  including  his  patented 
design  of  the  large  dynamos  and  their  appurtenances,  largely  con- 
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tributed  to  the  success  of  the  initial  installation,  and  have  certainly 
greatly  simplified  the  further  extension  of  the  plant,  and  this  work 
may  be  justly  considered  the  crowning  achievement  of  his  life.* 

In  taking  up  the  practice  of  consulting  engineer.  Dr.  Sellers  had 
associated 'with  him  one  of  his  sons,  Horace  Wells  Sellers,  and  subse- 
quently admitted  to  the  partnership,  Mr.  S.  Howard  Rippey  (a  mem- 
ber of  this  Society  who  was  his  principal  assistant  in  the  Niagara 
work),  under  the  firm  title  of  Sellers  and  Rippey. 

In  the  death  of  Dr.  Sellers  the  scientific  world  loses  a  tireless  inves- 
tigator, the  mechanical  field  a  prolific  inventor,  and  the  host  of  ad- 
mirers he  leaves  behind  feel  keenly  the  loss  of  a  deep,  personal  friend- 
ship. 

'  The  account  of  Dr.  Sellers'  connection  with  the  Niagara  Fails  project  has 
been  derived  from  the  able  biogra}ihy  by  the  late  Dr.  Henry  Morton  in  Cassier's 
Magazine  of  August,  1903,  the  essential  data  of  which  were  furnished  to  him  by 
Dr.  Sellers  himself. 
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NECROLOGY 

PETER  H.  BEEN 

Peter  Hamilton  Been  was  born  in  Milwaukee,  Wisconsin  in  1882. 
He  received  his  preliminary  education  in  the  public  schools  of  Mil- 
waukee, and  entered  the  drafting  room  of  the  E.  P.  Allis  Company 
in  June  1898.  In  1902  he  entered  the  shop  of  the  Milwaukee  Machine 
Tool  Company  and  at  the  end  of  a  year  returned  to  the  Allis-Chalmers 
Company  where  he  was  made  assistant  chief  draftsman,  holding  that 
position  until  his  death  in  1907.  He  was  interested  in  the  technical 
education  for  apprentices  and  gave  much  time  to  this  work. 

STORM  BULL 

Storm  Bull,  professor  of  steam  engineering  in  the  University  of 
Wisconsin,  Madison,  Wis.,  died  November  17,  1907.  Professor  Bull 
was  born  at  Bergen,  Norway,  October  20, 1856,  and  was  graduated  from 
the  Federal  Swiss  Polytechnic  Institute  at  Zurich  in  1877  with  the 
degree  of  mechanical  engineer.  He  came  to  this  country  and  in 
1879  became  instructor  in  mechanical  engineering  at  the  University 
of  Wisconsin.  In  1884  he  became  assistant  professor,  and  in  1886 
was  made  professor.  He  held  this  position  until  1890,  when  he  was 
appointed  professor  of  steam  engineering. 

Professor  Bull  was  a  member  of  the  Western  Society  of  Engineers, 
in  which  he  won  the  Chanute  medal  of  1903;  the  Society  for  the  Pro- 
motion of  Engineering  Education  of  which  he  was  vice-president  in 
1901-1902,  and  the  Western  Railway  Club.  Member  and  vice- 
president  jury. of  awards.  Class  21  of  group  4,  Paris  Exposition,  1900. 
Member  and  acting  president,  jury  of  awards.  Department  of  Machin- 
ery Louisiana  Purchase  Exposition,  1904.  Member  American  Associa- 
tion for  the  Advancement  of  Science,  consulting  engineer  for  Wiscon- 
sin State  Capitol  Commission  and  Board  of  Regents,  University  of 
Wisconsin  and  others.  He  was  the  author  of  many  scientific  papers 
and  reviews  of  engineering  text  books. 

JAMES  BLAKE  CAHOON 
James  Blake  Cahoon  was  born  at  Lyndon,  Vt.,  in  1856.     He  was 
educated  in  the  Portland,  Maine,  Schools,  and  in  the  U.  S.  Naval 
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Academy,  graduating  in  1879.  He  was  also  a  graduate  of  the  U.  S. 
Torpedo  tSchool,  Newport,  R.  I.,  and  took  special  courses  in  electricity 
and  the  manufacture  of  torpedoes  and  high  speed  engines.  On 
account  of  an  injury  received  while  making  tests  of  arc  lamps,  he  was 
placed  on  the  retired  list  with  the  rank  of  Ensign. 

Mr.  Cahoon  became  associated  with  the  Robinson-Foster  Electric 
Motor  Company,  Boston,  as  chief  electrical  engineer,  and  in  1899  was 
managing  director  with  the  Boston  Chemical  Company.  His  next 
engagement  was  with  the  Thomson-Houston  Electric  Company  as 
electrical  engineer,  later  becoming  manager  of  the  special  production 
department.  In  1893  he  went  to  Schenectady  as  head  of  the  expert 
department  of  the  General  Electric  Company,  leaving  there  a  year 
later  to  take  up  the  management  of  the  Elmira  Railway  and  Electric 
Light  Company.  In  1899  he  assumed  the  management  of  the  Under- 
ground Electric  Light  Company  at  Syracuse,  N.  Y.,  and  in  1901 
associated  himself  with  the  banking  house  of  Emerson  McMillen  and 
Company  of  New  York,  and  later  with  Furson,  Leach  and  Company, 
leaving  this  business  to  establish  himself  as  consulting  engineer.  In 
1905  he  was  connected  with  the  Eldenbel  Construction  Company,  and 
was  made  vice-president  and  chief  engineer.  He  was  past  president 
of  the  National  Electric  Light  Association,  and  was  a  member  of 
several  engineering  societies.  Mr.  Cahoon  became  a  member  of  this 
Society  in  1892.     He  died  February  17,  1907. 

WILLIAM  H.  DERBYSHIRE 

William  H.  Derbyshire 'was  born  in  Canton,  HI.,  in  March,  1859, 
and  graduated  from  The  Polytechnic  College  of  Pennsylvania  in  June, 
1877.  In  August  of  the  same  year  he  accepted  a  position  with  John 
Roach  &  Son,  Shipbuilding  and  Engine  Works,  Chester,  Pa.  In  1879 
he  became  associated  with  The  Miles  Machine  Tool  Works,  remaining 
with  them  until  their  consohdation  with  Wm.  B.  Bement  &  Son,  form- 
ing the  firm  of  Bement,  Miles  &  Co.  With  the  new  company  he  was 
made  general  superintendent,  and  remained  with  them  in  this  capacity 
until  November,  1897,  when  he  formed  the  Chambersburg  Engineer- 
ing Company,  Chambersburg,  Pa.,  of  which  he  was  president  until  his 
death. 

Mr,  Derbyshire  made  a  specialty  of  smith  shop  and  boiler  equip- 
ment and  secured  several  patents  on  hydrauHc  equipment,  one  of  the 
best  known  of  which  is  the  system  of  quick  acting  hydraulic  riveters 
and  presses.  He  became  a  member  of  the  Society  in  1890,  and  died 
April  13,  1907. 
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GEORGE  HENRY  EVANS 


George  Henry  Evans  was  born  in  Hull,  Yorkshire,  England,  in 
July,  1866.  He  was  educated  in  the  ordinary  home  schools  and  pri- 
vate colleges  and  also  studied  engineering  with  his  father,  who  was  a 
civil  engineer  in  Norwich,  England.  In  1890  he  was  sent  out  to  New 
Zealand  as  general  manager  and  resident  engineer  of  the  Round  Hill 
Syndicate  Mines,  at  Riverton,  New  Zealand,  While  there  he  had 
entire  charge  of  all  preparatory  work  in  constructing  canals,  break- 
water, and  all  mining  operations.  Later  he  was  the  manager  and 
resident  engineer  of  the  Consolidated  Gold  Mines  of  California,  Ltd., 
Mugalia  Consolidated,  Ltd.,  Golden  Gate  of  California,  Ltd.,  Morris 
Ravine  Gold  Mines,  Ltd.,  Golden  Feather,  Ltd.,  The  Development 
Syndicate,  Ltd.,  and  as  consulting  engineer  with  the  Risdon  Iron 
Works. 

Mr.  Evans'  specialty  was  placer  mining,  and  he  was  the  inventor  of 
the  Evans  hydraulic  elevator,  now  generally  used  in  the  elevation  of 
gravel. 

He  was  a  member  of  the  North  of  England  Society  of  Mining  and 
Mechanical  Engineers,  the  American  Institute  of  Mining  Engineers, 
The  Technical  Society  of  the  Pacific  Coast,  and  Franklin  Institute. 
He  was  also  a  member  of  the  Bohemian  Club  of  San  Francisco.  Mr. 
Evans  died  at  Berkeley,  California,  February  4,  1907. 

EDWARD  FRANCIS  GAVAGAN 

Edward  Francis  Gavagan  was  born  in  Boston,  Massachusetts  in 
1878.  He  received  his  early  training  in  engineering  and  electricity 
in  the  Massachusetts  training  ship  Enterprise,  and  spent  three  years 
as  assistant  engineer  on  the  American  Hne  steamer  St.  Paul.  He 
was  chief  machinist  of  the  United  States  Navy  during  the  Spanish 
War  and  was  for  a  time  connected  "\vith  the  Edison  Electric  Illumina- 
ting Company  of  Boston.  He  was  first  assistant  engineer,  rope  walk 
power  plant,  United  States  Navy  Yard,  Boston,  and  for  one  year 
served  as  a  mechanical  engineer  detailed  to  the  Philippine  Islands,  in 
the  United  States  Civil  Service.  For  three  years  he  was  mechanical 
engineer  and  traveling  representative  for  the  Parson  Manufacturing 
Company,  \^^th  which  he  was  connected  at  the  time  of  his  death. 

Mr.  Gavagan  was  a  Junior  member  of  the  Society,  joining  in  1906. 

ABEL  G.  GOLDTHWAIT 

Abel  G.  Goldthwait  was  born  April  17,  1837,  at  Sandgate,  Vermont. 
He  received  a  common  school  education  and  served  a  four  years 
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apprenticeship  in  mill  work  in  the  shops  of  a  Mr.  Buck  of  East  Arling- 
ton, Vermont,  after  which  he  remained  several  years  working  in  the 
machine  and  pattern  shops. 

About  1861  he  was  engaged  in  the  mowing  machine  work  in  Troy, 
New  York,  and  two  years  later  was  employed  by  Mr.  William  H. 
Tolhurst  as  pattern  maker,  but  was  soon  promoted  to  the  drafting 
and  designing  departments,  later  was  made  superintendent  of  con- 
struction, and  when  the  business  was  incorporated,  he  was  elected 
vice-president.     He  was  also  its  mechanical  head. 

While  in  this  company  he  assisted  Mr.  Hartshorn  in  designing  the 
Hartshorn  window  shade  roller;  he  was  designer  for  Mr.  H.  Stanley  in 
making  the  first  successful  paper  bag  machine  which  took  the  paper 
in  a  roll  and  turned  out  bags,  cut,  folded,  and  pasted  ready  for  use; 
he  was  principal  designer  of  the  Magee  hot  air  furnace;  he  assisted  in 
designing  and  constructing  some  of  the  first  double-plate  rim-braced, 
cast  iron  car  wheels;  he  designed  a  saddle  tree,  the  parts  of  which  were 
made  so  as  to  be  interchangeable,  and  orders  for  them  from  the  Govern- 
ment amounted  to  80  000;  he  was  the  designer  of  many  of  the  paper 
box  machines  now  in  use;  he  successfully  modified  Mr.  Holley's 
design  of  the  converter  for  the  Bessemer  steel  process;  he  designed 
most  of  the  machinery  used  in  the  manufacture  of  paper  collars  in 
Troy,  and  drew  the  plans  and  superintended  the  construction  of 
laundry  machines  for  ironing  both  sides  of  a  linen  collar  at  one  opera- 
tion, and  other  laundry  machines,  among  which  was  the  Tolhurst 
Hydro-Extractor,  which  made  possible  the  use  of  very  large  extrac- 
tors with  a  miminum  of  vibration. 

The  first  successful  design  of  the  universal  car  coupler,  now  used 
on  all  railroads  in  the  United  States  was  made  by  Mr.  Goldthwait. 
He  made  many  valuable  improvements  in  the  construction  of  mag- 
netic ore  separators,  designing  many  valuable  new  features. 

Mr.  Goldthwait  was  elected  a  Member  of  the  Society  in  1892. 
He  died  November  17,  1907. 

BUGENE  GRIFFIN 

Eugene  Griffin  w^as  born  in  Ellsworth,  Me.,  October  13,  1855,  and 
was  educated  in  the  public  schools  of  that  place  until  he  entered  the 
United  States  Military  Academy  at  West  Point,  from  which  institu- 
tion he  was  graduated  in  1875,  standing  third  in  his  class. 

Immediately  following  his  graduation,  he  was  appointed  Second 
Lieutenant  of  Engineers  in  the  United  States  Army,  and  was  assigned 
to  duty  at  the  Engineering  School  of  Application  at  Willet's  Point, 
where  he  remained  until  1,877.     During  the  years  1878-1880  he  was  in 
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charge  of  a  party  of  engineers  in  the  United  States  Geographical  Sur- 
vey in  Colorado,  New  Mexico,  Arizona,  and  Texas.  He  was  pro- 
moted to  First  Lieutenant  in  1880  and  was  in  charge  of  surveys  of 
Governors,  ElHs  and  Bedloe  Islands  in  New  York  harbor. 

From  1883  to  1885,  he  was  Assistant  Professor  of  Civil  and  Military 
Engineering  and  the  Art  of  War  at  West  Point.  In  1885  and  1886  he 
was  aide-de-camp  to  Gen.  Winfield  Scott  Hancock.  From  1886  to 
1888  he  was  Assistant  Engineer  Commissioner  of  the  District  of 
Columbia,  having  charge  of  all  matters  pertaining  to  electric  lighting, 
telegraph  and  telephone  companies  in  the  city  of  Washington.  In 
1887  he  was  promoted  to  Captain  in  the  Corps  of  Engineers,  and  early 
in  the  year  1888  entered  the  employ  of  the  Thomson-Houston  Com- 
pany to  organize  and  manage  its  Railway  Department,  then  just  being 
formed. 

In  1892  the  General  Electric  Compan}-  was  organized  and  absorbed 
the  Thomson-Houston  and  Edison  General  Electric  Companies.  Cap- 
tain Griffin  was  elected  Director  and  First  Vice  President  of  the  new 
company,  and  held  these  official  positions  at  the  time  of  his  death. 

Upon  the  declaration  of  war  with  Spain  in  1898  he  was  commissioned 
by  President  McKinley  to  organize  the  First  Regiment  of  Volunteer 
Engineers.  He  was  promoted  to  the  rank  of  Brigadier  General  prior 
to  his  regiment  being  mustered  out  of  service,  and  at  the  close  of  the 
war  he  resumed  his  active  duties  with  the  General  Electric  Company. 

He  was  a  member  of  the  Union,  Universit}'-,  and  the  Army  and  Navy 
Clubs,  and  one  of  the  Board  of  Trustees  of  The  Engineers'  Club.  He 
was  a  member  of  The  American  Society  of  Civil  Engineers,  The  Ameri- 
can Institute  of  Electrical  Engineers,  and  became  a  member  of  this 
Society  in  1889. 

General  Griffin  was  buried  at  West  Point  with  military  honors  on 
Saturday,  April  13, 

ALBERT  F.  HALL 

Albert  F.  Hall  was  born  in  Somerville,  Mass.,  December  6,  1845. 
After  attending  school  in  Charlestown  he  entered  the  first  class  ever 
formed  at  the  Massachusetts  Institute  of  Technology.  He  was  the  only 
mechanical  engineer  in  the  class  which  was  graduated  in  1868.  After 
graduation  he  entered  the  employment  of  the  George  F.  Blake  Manu- 
facturing Company,  remaining  with  them  forty  years,  until  his  death. 
During  this  time  he  invented  and  designed  some  of  the  largest  pumps 
in  use  in  this  country,  among  which  are  the  twenty  million  gallon 
triple  expansion  pumping  engines  built  for  the  new  high  service 
stations  of  the  New  York  City  Water  Works. 
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He  was  one  of  the  first  to  advance  the  idea  of  heat  unit  system  as 
the  basis  to  compute  the  efficiency  of  the  steam  engine,  and  in  1894 
he  presented  before  the  Society  a  paper  on  this  subject  at  the  meet- 
ing at  Montreal.  He  also  contributed  many  other  engineering 
articles  for  pubUcation,  one  of  his  latest  works  being  on  the  develop- 
ment of  the  theory  and  the  practical  application  of  the  centrifugal 
pump. 

He  made  many  valuable  improvements  in  the  direct  acting  steam 
pump,  taking  out  numerous  patents.  The  valve-gear  known  as  the 
"simplex"  was  one  of  his  latest  inventions.  In  collaboration wdth 
others,  he  developed  the  vertical  twin  air  pump  and  the  vertical 
double-acting  suction  valveless  air  pump. 

Mr.  Hall  died  at  Somerville,  Mass.,  on  July  22,  1907. 

CHARLES  J.  HILLARD 

Charles  J.  Hillard  was  born  December  5,  1846  in  New  York.  He 
received  his  education  in  New  Orleans,  and  coming  North  in  1862, 
was  apprenticed  as  machinist  at  the  Morgan  Iron  Works  serving 
in  the  machine  shop  and  the  drafting  room.  He  was  afterward 
draftsman  for  A.  S.  Cameron  and  Company,  New  York;  chief  drafts- 
man, Knapp  Fort  Pitt  Foundry  Company,  Pittsburg;  he  was  two 
years  manager  for  John  J.  Endres,  mining  engineer  and  manufac- 
turer, of  Pittsburg;  from  1873-1876  he  was  engineer  of  the  Atlas  Works 
Company,  Pittsburg;  and  founded  and  operated  the  firm  of  Hillard, 
Sterrett  and  Company,  Ltd.,  1876-1885. 

Mr.  Hillard  was  also  secretary  of  the  SterUng  Steel  Company; 
manager,  Bois  and  Gazzam,  Limited;  chairman  and  resident  manager 
Centre  Mining  Compan}^,  and  at  one  time  held  a  directorship  in  the 
Diamond  National  Bank  of  Pittsburg. 

Mr.  Hillard  died  September  12,  1907. 

EDWARD  WARREN  JOHNSON 

Edward  Warren  Johnson,  was  born  November  2, 1860,  at  Hinsdale, 
N.  Y.  He  erected  two  planing  mills  for  the  Peuna  Lumber  Storage 
Company  wdth  a  capacity  of  150  per  day  and  superintended  the  run- 
ning for  about  three  years,  from  1888  to  1891.  He  resigned  and 
patented  a  planer  knife  sharpener  and  file.  From  1893,  for  about 
two  years,  he  did  mechanical  work  for  J.  Y.  Wilson  Manufacturing 
Company,  Olean,  New  York,  after  which  he  was  superintendent  of 
lines,  connections,  pumps  and  tanks  for  the  Standard  Oil  Company, 
constructing  and  running  tar  paraffine  plant.  In  1890  he  was  trans- 
ferred to  Bayonne,  N.  J. 


NECROLOGY  1179 

Since  1902  he  was  engaged  in  the  work  of  master  mechanic,  design- 
ing and  constructing  a  great  variety  of  mechanical  works,  having 
directly  under  supervision  a  large  force  of  men. 

Mr.  Johnson  met  his  death  through  an  accident  at  Bayonne,  N.  J. 
November  12,  1907. 

WILLIAM  SAMUEL  LOVE 

WilHam  Samuel  Love  was  born  in  St.  Louis,  Mo.,  May  20,  1867. 
He  received  his  early  education  at  Smith  Academy  and  the  Manual 
Training  School  of  St.  Louis,  graduating  from  the  latter  institution 
with  the  class  of  1883.  For  a  year  he  was  engaged  in  railroad  survey 
work  through  Texas,  entering  Washington  University  in  St.  Louis 
in  1884  and  graduating  from  the  mechanical  engineering  course  with 
the  degree  of  B.S.,  with  the  class  of  1888. 

His  practical  experience  was  obtained  during  his  college  course  in 
the  shops  of  the  St.  Louis  Bridge  and  Terminal  Railway  Company  in 
1885  and  1886,  and  in  the  drawing  room  of  the  same  company  in  1888. 
He  was  for  a  year  assistant  engineer  for  the  St.  Louis  Tie  Preserving 
Company,  and  for  three  years  was  Secretary  of  the  Pond  Engine 
Company  of  St.  Louis. 

In  1892  he  opened  an  office  in  Chicago,  111.,  as  mechanical  engineer 
and  agent  for  various  steam  engines,  boilers,  heaters,  etc.  In  1895 
he  took  charge  of  the  Chicago  office  of  the  Abendroth  and  Root  Manu- 
facturing Company  of  New  York  and  assumed  charge  of  the  Chicago 
office  of  the  Wheeler  Condenser  and  Engineering  Company  in  1899. 
He  remained  in  that  position  until  January  1907,  at  which  time  he 
came  to  New  York  as  general  sales  manager  of  that  company,  which 
position  he  held  at  the  time  of  his  death. 

Mr.  Love  was  a  member  of  the  Western  Society  of  Engineers, 
The  Engineers'  Club  of  New  York,  Union  League  Club  of  Chicago  and 
the  Loyal  Legion. 

He  was  deeply  interested  in  the  development  of  surface  and  jet 
condensers,  and  during  the  last  ten  years  of  his  life,  was  instrumental 
in  perfecting  condensers  of  large  capacity. 

Mr.  Love  died  December  11,  1907. 

HERBERT  CLIFTON  MOYER 

Herbert  Clifton  Moyer  was  born  in  Danville,  Pa.,  1873.  He  gradu- 
ated from  the  high  school,  and  at  a  very  early  age  constructed  a 
miniature  steam  engine  whose  novel  features  attracted  public  atten- 
tion. After  graduating  he  entered  the  employ  of  the  Enterprise 
Foundry  and  Machine  Works  where  he  served  an  apprenticeship, 
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afterward  entering  the  drafting  rooms  of  the  mechanical  depart- 
ment of  the  Mahoning  Roller  Mills  Company.  He  was  next 
employed  at  the  Mount  Carmel  Iron  Works,  the  South  Sharon  Steel 
Company,  and  the  Lukens  Iron  &  Steel  Company  at  Coatesville,  Pa., 
retaining  the  latter  position  until  his  death,  November  8,  1907. 

WILLIAM  ROBERTS 

William  Roberts  was  born  in  Watertown,  Massachusetts,  March  25, 
1835.  After  attending  the  Waltham  Public  Schools  and  the  Auburn- 
dale  Institute,  he  was  apprenticed  in  1851  to  the  Boston  Manufactur- 
ing Company,  Waltham,  Massachusetts,  as  machinist,  for  three  years, 
being  made  a  journeyman  in  1854.  He  worked  at  the  Norfolk  Navy 
Yard  as  journeyman  until  1855. 

On  August  2,  1855,  Mr.  Roberts  was  appointed  third  assistant  engi- 
neer for  the  United  States  Navy.  He  was  with  Commodore  Perry 
on  his  expedition  as  assistant  engineer  on  his  flagship  The  Niagara, 
which  opened  the  ports  of  Japan,  and  served  on  the  Michigan,  on  the 
Lakes  in  1856.  In  1857  he  was  promoted  to  the  office  of  second 
assistant  engineer,  served  on  the  steam  frigate  Roanoke  on  the  coast 
of  Central  America,  and  was  one  of  the  officers  of  the  steamer  Fulton 
at  the  time  of  the  capture  of  the  filibuster  Walker  in  1858.  In  July, 
1859,  he  was  made  first  assistant  engineer  and  served  on  the  Memphis 
on  the  Paraguay  expedition.  He  resigned  in  September,  1859,  and 
reenlisted,  in  response  to  the  call  for  men,  in  April,  1861.  At  the 
attack  on  the  forts  and  batteries  at  Pensacola  Bay,  in  1861,  he  was 
on  the  frigate  Niagara,  and  in  1862  he  was  an  officer  of  the  steam 
sloop  Housatonic  when  she  drove  two  iron  clad  rams  into  the  fort  at 
Charleston. 

In  1863,  he  was  promoted  to  the  office  of  chief  engineer  and  was 
attached  to  the  frigate  Niagara,  then  undergoing  repairs  at  the 
Charlestown  Navy  Yard.  He  served  at  sea  and  at  navy  yards  as 
chief  engineer  and  performed  service  at  the  Navy  Department  at 
Washington,  until  1869, 

In  March  of  that  year  Mr.  Roberts  resigned  his  position  in  the  Navy, 
and  became  associated  with  his  father  in  the  manufacture  of  paper  in 
Waltham.  He  was  also  engaged  as  an  expert  in  steam  and  hydraulic 
engineering.  Under  the  firm  name  of  John  Roberts  and  Son,  he 
carried  on  the  paper  business  until  the  time  of  his  death.  Roofing 
paper  and  coarse  wrapping  paper  were  the  principal  products  of  the 
mill  until  the  advent  of  asbestos  paper,  Mr.  Roberts  being  the  first 
to  produce  asbestos  fireproof  paper. 
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Among  the  societies  of  which  Mr.  Roberts  was  a  member,  are  The 
Grand  Army  of  the  Republic,  and  The  American  Society  of  Civil 
Engineers.     His  death  occurred  December  28,  1907. 

GEORGE  ROWLAND 

George  Rowland  was  born  in  Brooklyn,  N.  Y.,  December  22,  1865. 
He  attended  school  at  several  private  institutions,  and  completed 
his  education  at  Columbia  University,  graduating  from  the  School 
of  Mines  in  the  class  of  1887  with  the  degree  of  Civil  Engineer. 

Mr.  Rowland  entered  the  employ  of  the  Continental  Iron  Works 
immediately  after  graduating,  and  remained  continuously  with  that 
company,  holding  the  position  of  assistant  treasurer  at  the  time  of 
his  death. 

He  was  an  active  member  of  several  scientific  and  patriotic  socie- 
ties, and  was  especially  identified  with  the  management  of  Webb's 
Academy  and  Home  for  Shipbuilders,  New  York,  being  a  member 
of  the  Governing  Board.  He  joined  the  Society  as  a  Junior  Member 
in  1887  and  as  a  full  Member  in  1894. 

Mr.  Rowland  died  July  7,  1907  after  an  illness  of  several  months. 

THOMAS  FITCH  ROWLAND 

Thomas  Fitch  Rowland  was  born  in  New  Haven,  Connecticut, 
March  15,  1831.  He  was  the  son  of  George  Rowland  and  Ruth 
Caroline  Attwater,  and  a  lineal  descendant  of  the  Honorable  Thomas 
Fitch,  the  last  Colonial  Governor  of  Connecticut. 

He  attended  the  public  schools  of  his  native  city  until  he  was  13 
years  old,  when  he  entered  his  father's  grist  mill,  becoming  the 
miller's  boy. 

Upon  the  construction  of  what  is  now  the  New  York,  New  Haven 
and  Hartford  Railroad,  through  the  city  of  New  Haven,  the  mill  was 
demolished,  and  he  entered  the  employ  of  the  railroad,  and  was  its 
first  apprentice  in  the  machine  shop.  While  in  this  employ  he  fired 
the  third  passenger  train  that  was  sent  over  the  road  from  New  Haven 
to  New  York. 

In  1850  he  left  the  employ  of  the  railroad  company  and  was 
appointed  second  assistant  engineer  of  the  Connecticut,  a  large  side- 
wheel  steamboat  plying  in  the  service  of  passenger  and  freight  trans- 
portation between  the  cities  of  Hartford  and  New  York.  Soon  after 
joining  the  Connecticut,  the  line  was  sold,  and  all  employees  in  the 
engineering  department  of  this  steamer  were  discharged. 

He  then  obtained  a  situation  with  the  Allaire  Works  of  New  York, 
an  old  estabhshed  engine  building  concern,  and  while  there  designed 
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the  engines  for  the  U.  S.  Revenue  Steamer  Harriet  Lane,  In  the 
course  of  time  a  change  of  ownership  of  the  estabUshment  occurred, 
and  he  resigned  and  accepted  a  position  at  the  Morgan  Iron  Works, 
at  that  time  owned  and  operated  by  George  W.  Quintard.  There 
Mr.  Rowland  was  given  a  commission  by  Mr.  Quintard  to  prepare 
designs,  specification  and  estimate  of  the  cost  of  producingthe  machin- 
ery to  be  installed  on  board  the  U.  S.  gunboat  Seminole  then  under 
construction  at  the  Pensacola  Navy  Yard.  Mr.  Quintard  obtained 
a  contract  to  build  this  machinery,  and  Mr.  Rowland  was  to  take 
charge  of  the  work,  prepare  the  drawings  and  details  of  construction, 
and  superintend  the  execution  thereof,  from  its  commencement  until 
final  completion.  While  engaged  upon  this  work  he  became  acquainted 
with  Capt.  James  L.  Day,  formerly  of  Norwich,  Connecticut,  who 
was  interested  in  steam  vessels  on  the  Mississippi  river,  about 
the  waters  of  New  Orleans  and  Lake  Pontchartrain,  and  was  negoti- 
ating with  Mr.  Quintard  for  the  construction  of  an  iron  side-wheel 
steamboat,  similar  to  those  in  use  about  the  city  of  New  York.  Mr. 
Quintard  eventually  obtained  a  contract  for  the  construction  of  this 
vessel,  and  Mr.  Rowland  was  engaged  by  him  to  superintend  the  work. 
Associated  with  him  was  Mr.  Samuel  Sneden,  a  prominent  builder  of 
wooden  vessels  of  that  day.  The  vessel  was  built  at  Greenpoint, 
Long  Island,  and  Mr.  Sneden  formed  a  partnership  with  Mr.  Rowland 
for  the  building  of  wooden  and  iron  steamships,  steamboats  and 
other  structural  iron  work. 

The  first  contract  the  new  firm  obtained  was  an  order  from  the 
Croton  Aqueduct  Department  for  the  building  of  a  wrought  iron 
water  pipe  of  large  diameter,  one-quarter  of  a  mile  long,  to  be  located 
on  the  top  of  the  High  Bridge,  over  the  Harlem  river. 

One  of  the  early  contracts  received  by  this  firm  was  that  for  an 
iron  vessel,  designed  by  the  late  Captain  John  Ericsson.  During  the 
partnership  with  Mr.  Sneden,  the  wooden  hull  of  the  side-wheel  steam- 
boat Continental,  for  the  New  Haven  Steamboat  Company,  and  the 
hulls  for  the  steamboats  City  of  Boston  and  City  of  New  York,  for 
the  New  York  and  Norwich  Transportation  Company,  were  built. 
Mr.  Sneden  severed  his  connection  with  the  firm  in  1860,  and  Mr. 
Rowland  afterwards  conducted  the  business  under  the  name  of  The 
Continental  Works.  Early  in  1861,  during  the  commencement  of 
the  Civil  War,  he  obtained  a  contract  for  the  construction  of  a  num- 
ber of  naval  gun  carriages.  He  also  constructed  for  the  Navy  Depart- 
ment nineteen  or  twenty  revolving  platforms  or  mortar  bed  carriages. 
These  revolving  mortar  beds,  with  their  surmounted  mortars,  were 
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installed  on  board  a  complement  of  vessels  which  became  known  as 
the  Porter  Mortar  Fleet. 

In  1861  a  second  contract  was  made  with  the  late  Captain  John 
Ericsson  and  his  associates,  for  the  building  of  an  iron  clad  floating 
battery,  afterward  known  as  The  Original  Monitor.  Upon  the  com- 
pletion of  The  Original  Monitor,  he  built  the  monitors  Montauk, 
Kaatskill  and  Passaic,  also  the  double  turreted  monitor  Onondaga, 
and  the  light  draft  gunboats  Cohoes  and  Muskoota.  In  1870  he 
built  the  ferryboats  Fulton  and  Farragut,  for  the  Union  Ferry  Com- 
pany, and  subsequently,  the  boats  Atlantic  and  Brooklyn,  for  the 
same  company. 

For  many  years  Mr.  Rowland  was  engaged  in  the  design  and 
construction  of  gas  manufacturing  plants  in  various  parts  of  the 
country,  notable  among  them  being  those  of  the  Commercial  Point 
Station  of  the  Boston  Gas  Company,  and  also  of  the  Twenty-first, 
Forty-fourth  and  Ninety-ninth  Street  Stations  of  The  Consolidated 
Gas  Company  of  New  York.  In  1887  the  business  of  Mr.  Rowland 
was  incorporated  as  The  Continental  Iron  Works,  of  which  corpora- 
tion he  was  the  President  up  to  the  time  of  his  death.  In  the  early 
days  of  this  corporation  he  designed  and  constructed  a  gas  holder  and 
steel  tank,  located  at  the  Fourteenth  Street  Station  of  The  Consoli- 
dated Gas  Company  of  New  York,  which,  at  that  time,  was  the 
largest  of  its  kind  in  this  country,  and  was  a  noted  achievement  in 
gas  engineering. 

For  many  years  previous  to  1887,  Mr.  Rowland  devoted  much  time 
and  thought  to  the  art  of  welding  iron  and  steel  plates  in  various 
forms  and  shapes,  and  it  was  about  this  time  that  he  designed  the 
process,  and  also  the  apparatus,  used  by  The  Continental  Iron  Works 
in  the  manufacture  of  the  Fox  Corrugated  and  Morison  Suspension 
furnaces,  which  are  now  universally  used  in  the  internal  furnace  type 
of  boiler,  so  well  known  to  engineers  and  boilermakers. 

Mr.  Rowland  had  been  in  faihng  health  for  some  considerable  time, 
but  continued  to  be  active  in  the  business  until  a  few  months  ago. 
He  was  also  actively  interested  in  many  charitable  and  philanthropic 
enterprises.  Mr.  Rowland  married  in  1855,  Mary  Eliza  Bradley,  of 
New  Haven,  Connecticut,  who  died  in  March,  1902. 

He  was  a  member  of  many  years  standing  of  various  engineering 
societies,  clubs,  etc.,  notably, 

Honorary  Member — The  American  Society  of  Civil  Engineers, 
Society  of  Gas  Lighting,  Union  League  Club,  American  Yacht  Club. 

Life  Member — The  American  Society  of  Mechanical  Engineers, 
Society    of  Naval  Architects  and  Marine  Engineers,   New  Haven 
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Colony  Historical  Society,  Fairfield  County  Historical  Society, 
American  Geographical  Society,  New  England  Society,  N.  Y. 
Chamber  of  Commerce,  American  Gas  Light  Association. 

Trustee — Webb's  Academy  and  Home  for  Shipbuilders,  General 
Society  of  Mechanics  and  Tradesmen,  New  York  Historical  Society. 

The  funeral  ser\'ices  w^ere  held  at  the  Church  of  the  Heavenly  Rest, 
Fifth  Avenue  and  Forty-fifth  Street,  on  Monday,  December  16,  and 
the  burial  was  made  in  the  family  plot  in  Evergreen  Cemetery,  New 
Haven,  Connecticut. 

WILLIAM  L.  SIMPSON 

William  L.  Simpson  was  born  in  Philadelphia,  March  25,  1847, 
and  spent  his  early  life  in  Chester,  Pa.,  serving  an  apprenticeship 
with  the  firm  of  Reany,  Son  and  Archbold.  He  was  engaged  in  the 
merchant  marine  service  for  several  years,  during  which  time  he  was 
engineer  on  the  steamer  Juanita  of  the  Southern  Mail  Steamship 
Company,  off  the  Coast  of  Florida  Keys  in  1870.  Later  he  was  con- 
nected as  erecting  engineer  with  the  Scott  Foundry  of  Reading,  Pa., 
and  for  four  years  was  superintendent  of  the  Dickson  Manufacturing 
Company  in  Wilkesbarre,  remaining  with  them  until  1877,  leaving 
there  to  take  charge  of  the  Baine  and  Huston  Works  in  Philadelphia. 
He  was  associated  with  the  Bucke5'e  Engine  Company  of  Salem,  Ohio, 
and  organized  a  shop  in  Philadelphia  in  1880  for  the  manufacture  of 
engines  for  the  eastern  market.  Afterward  he  became  general 
Eastern  sales  agent  for  the  Buckeye  Engine  Company.  Mr.  Simpson 
joined  the  Society  in  1890.     He  died  February  1,  1907. 

CHAS.  K.  STEARNS 

Chas.  K.  Stearns  died  in  the  city  of  Boston,  May  12,  1907.  He  was 
born  at  Newton  Centre,  Mass.,  in  1864  and  was  educated  in  the  New- 
ton public  schools,  and  at  the  Massachusetts  Institute  of  Technology, 
graduating  in  1887.  He  was  engaged  by  the  Thomson-Houston 
Electric  Company  at  Boston  and  later  was  manager  at  their  St.  Paul 
office.  He  was  assistant  engineer  in  electrifying  the  Nantasket 
Beach  branch  of  the  New  York,  New  Haven  and  Hartford  Railroad, 
and  during  his  later  years  had  continued  in  similar  work  wdth  street 
railways  and  the  electric  development  of  water  powers.  Mr.  Stearns 
joined  the  Society  in  1899. 

NORMAN  C.  STILES 

Norman  C.  Stiles  was  born  in  Feeding  Hills,  Mass.,  June  18,  1834. 
He  received  a  common  school  education,  and  at  an  early  age  took  up 
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design  and  construction  at  the  American  Machine  Works,  Springfield, 
Mass.  He  invented  and  developed  many  machines  for  stamping  and 
drawing  sheet  metals,  secured  patents  on  the  punching  press,  drop 
hammers,  and  similar  machines,  and  continued  their  manufacture 
until  1884.  He  designed  and  patented  most  of  the  machines  now 
manufactured  by  the  Stiles  &  Parker  Press  Co.,  of  Middletown,  Conn., 
of  which  company  he  has  been  the  principal  owner,  treasurer,  and 
manager  since  its  formation  in  1871. 

Mr.  Stiles  became  a  member  of  the  Society  in  1884,  and  subse- 
quently became  a  life  member.  He  was  elected  manager  in  1895  and 
served  on  the  Council  until  1898.  He  died  February  4,  1907,  at  his 
home  in  Hartford,  Conn. 

HERMAN   UNZICKER 

Herman  Unzicker  was  born  June  7,  1846,  in  Hessen  Nassau,  Ger- 
many. His  preliminary  education  was  received  in  a  technical  school, 
and  he  served  an  apprenticeship  of  several  3^ears  in  a  machine  shop, 
later  attending  a  technical  school  in  the  State  of  Brunswick,  Germany. 
Upon  leaving  school  he  was  engaged  as  draftsman  and  designer  in 
several  machine  shops,  and  had  charge  of  works  as  mechanical  engi- 
neer and  foreman. 

He  came  to  the  United  States  in  1872  and  found  employment  as 
draftsman  in  Chicago,  111.  In  May,  1888,  he  became  general  superin- 
tendent and  engineer  of  the  shops  of  Fraser  &  Chalmers,  Chicago,  111., 
with  which  firm  he  remained  14  years,  as  designer  and  constructor  of 
plants  and  machinery  for  the  mining  and  reduction  of  all  classes  of 
ores. 

In  1890  Mr.  Unzicker  organized  the  Chicago  Iron  Works,  which, 
however,  succumbed  during  the  panic  of  1893.  Since  that  time  he 
has  been  contracting  and  consulting  engineer  with  E.  P.  Allis  &  Co., 
Fraser  &  Chalmers,  and  the  AUis-Chalmers  Co.  At  the  time  of  his 
death,  February  7,  1907,  he  was  consulting  engineer  with  Chalmers  & 
Williams. 

W.  H.  WIGGIN 

W.  H.  Wiggin  was  born  at  Dracut,  Massachusetts,  May  7,  1861. 
He  attended  the  public  school  at  Chelmsford  and  the  Academy  at 
New  Hampton,  graduating  in  1879. 

His  apprenticeship  was  served  in  a  repair  shop  at  Greenville,  New 
Hampshire,  and  later  he  was  employed  by  the  Fitchburg  Machine 
Company,  the  Putnam  Machine  Company,  and  various  other  shops 
at  Fitchburg,  Mass.     In  1883  he  was  given  charge  of  the  Lamson 


1186  NECROLOGY 

Cash  Railway  Company,- Lowell,  Massachusetts,  and  at  this  time  took 
out  a  patent  for  improvements  on  cash  railway  systems  for  stores. 
In  1886  he  was  employed  by  Charles  H.  Morgan  of  Worcester,  Mass- 
chusetts,  on  special  work  in  developing  new  machinery.  A  year 
later  he  was  engaged  as  mechanical  man  in  a  factory  manufacturing 
medical  capsules,  afterwards  returning  to  C.  H.  Morgan,  at  Worces- 
ter, where  he  did  erecting  work  on  rolUng  mills,  and  designed  new 
machinery. 

Mr.  Wiggin  was  subsequently  engaged  with  G.  L.  Brownell,  and 
the  H.  C.  Pease  Machine  Company,  the  old  Washburn  &  Moen  Man- 
ufacturing Company,  Marcus  Mason  and  Company  and  the  Richard- 
son Manufacturing  Company  and  at  this  time  designed  a  new  mower 
for  the  rocky  hillside  farms  of  New  England.  In  1903  he  became 
mechanical  assistant  superintendent  at  the  Deering  Division  of  the 
International  Harvester  Company,  and  was  advanced  to  the  position 
of  master  mechanic  in  the  construction  and  equipment  division.  He 
remodeled  and  reequipped  the  old  Milwaukee  Harvester  Company 
plant  for  the  manufacture  of  gasolene  engines  and  cream  separators. 
In  1905  he  was  transferred  to  Hamilton,  Ontario,  as  superintendent 
of  the  Canadian  plant,  and  held  this  position  until  his  death,  October 
2,  1907. 

Among  Mr.  Wiggin's  most  important  inventions  was  a  rail  bond 
which  is  used  on  electric  roads  and  an  automatic  machine  for  making 
bicycle  spokes  and  similar  products.  He  was  a  member  of  the 
Masonic  Order,  and  of  the  Canadian  Manufacturers  Association. 

THOMAS  HILTON  WILLIAMS 

Thomas  Hilton  Williams,  President  of  the  A.  A.  Grifhng  Iron  Co., 
Jersey  City,  N.  J.,  died  Saturday,  October  19,  1907.  Mr.  Williams 
was  born  February  14,  1848,  at  Springfield,  Mass.,  and  early  in  hfe 
removed  to  Jersey  City,  N.  J.,  where  he  subsequently  became  identi- 
fied with  the  iron  and  brass  metal  industries.  He  graduated  from 
Packard's  Business  College  of  New  York  and  after  a  short  experience 
in  the  banking  business  became  a  partner  in  the  E.  A.  WilUams  and 
Son  Brass  and  Bell  Foundry  of  Jersey  City.  At  the  time  of  his  death 
he  was  president  of  E.  A.  WilUams  and  Son,  Incorporated.  Mr. 
Williams  was  perhaps  best  known  through  his  long  association  with 
the  A.  A.  Grifiing  Iron  Company,  makers  of  "Bundy"  Radiators. 
He  became  an  officer  in  that  company  at  a  time  when  cast  iron  was 
first  used  in  radiators  for  steam  and  hot  water  heating. 

He  was  a  member  of  The  Engineers'  Club,  the  Lawyers'  Club  of 
New  York,  the  American  Geographical  Society  of  Washington,  D.  C, 
and  the  Carteret  Club  of  Jersey  City,  N.  J. 
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